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AIR FORCE AND OTHER EXPEDITION PLANS 
COMPREHENSIVE program of 


eclipse observations for geodetic 
purposes is being undertaken for the 
June 30th eclipse under sponsorship of 
the Air Force Cambridge Research Cen- 
ter and co-operating agencies. There 
will not be another total eclipse whose 
path adequately spans North America 
and Europe until June 14, 2151, so 
that the principal purpose of the obser- 
vations will be accurate measurement of 
the distance between these two conti- 
nents. 
There will be four major and eight 
minor sites, the latter on the edges of 
the path of totality. Camps are to be 


established near James Bay; at Knob 
Lake, Que.; the Okak Islands, off Lab- 
rador; Greenland; the Faeroe Islands; 
the Shetland Islands; Norway; Sweden; 
and Iran. American scientists will be 
responsible for all programs, except in 
Norway and Sweden, where actual op- 
erations will be conducted by Finnish 
and Swedish scientists, and only a few 
American observers will be present. 
Three methods of eclipse observing 
(named for the scientists who developed 
them) will be used simultaneously for 
the first time at four major sites, James 
Bay, Knob Lake, the Okak Islands, and 


in Iran. In the Bonsdorff method, mo- 
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COVER: A large shower of penetrating and cascade particles resulting from a 
cosmic ray encounter a short distance above the cloud chamber is shown 
here. The 14 lead plates are each 1.3 centimeters thick. In the uppermost 
section is a small collimated group of high-energy particles that cause the 
release of energetic particles forming the cascade. With a range of about 
12 centimeters of lead, and with possibly about 100 particles at its maximum 
growth, the cascade must have had an original energy of about 10 billion 
electron volts. Note the striking display of heavily ionizing (lower energy) 
particles that spread out from the lower surface of the eighth plate, to the 
left of the main cascade. Photograph by William B. Fretter, University of 
California at Berkeley, with permission of the American Journal of Physics; 
caption material is from Cloud Chamber Photographs of the Cosmic Radi- 
ation, by Rochester and Wilson, Pergamon Press, Ltd. (See page 222.) 
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FEATURE PICTURE: The ringed planet, Saturn, photographed by E. E. 
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tion pictures are taken of the crescent 
just before and just after totality to fur- 
nish precise contact times. The Lind- 
blad method uses a motion picture rec- 
ord of the spectrum of the solar cres- 
cent, and the instants when the flash 
spectrum appears and disappears fur- 
nish the times of second and third con- 
tact, respectively. Gaviola’s method is 
used to determine the time of mid- 
eclipse from a continuous photoelectric 
recording of the intensity of the sun’s 
light. 

Dr. W. A. Heiskanen, of Ohio State 
University, is supervising the Bonsdorff 
and Lindblad methods, assisted by Dr. 
T. J. Kukkamaki, Finnish geodesist, and 
Dr. J. Allen Hynek, Ohio State astrono- 
mer. Dr. F. J. Heyden, S.J., of George- 
town University, will supervise all ob- 
servations with the Gaviola method, 
which he used in Africa in 1952. He 
will also have over-all charge of the 
eclipse station in Iran. Dr. Kukkamaki 
will be in charge of work at a post in 
Greenland, and Dr. Hynek will head 
the Ohio State party that goes to Iran. 

Among the group at Iran will be Dr. 
Arne Slettebak, of Perkins Observatory. 
The Knob Lake station will be directed 
by Frederick Doyle, of Ohio State, and 
another Perkins astronomer, P. C. 
Stanger, will be part of this group. Lead- 
er of the Shetland Islands station will 
be Dr. Peter van de Kamp, of Sproul 
Observatory, with two other Swarth- 
more College astronomers in his party. 

Edward A. Halbach, of the Mil- 
waukee Astronomical Society, will lead 
the group going to the Okak Islands. 
Four members of the Amateur Astron- 
omers Association of Pittsburgh, Adam 
L. Ott, Jr., Jay F. Kunze, Robert Kem- 
per, and Robert Scherer, will be mem- 
bers of the party going to Labrador. 

At the Geophysics Research Direc- 
torate of the Cambridge Research Cen- 
ter, the entire project is being organ- 
ized by Capt. Ralph J. Ford. Co-oper- 
ating agencies include the American 
Geographical Society, New York City; 
Georgetown University, Washington, 
D. C.; Ohio State University, Colum- 
bus, Ohio; and the Ernst Norrman Lab- 
oratorics, Williams Bay, Wis. 


Dr. George Van Biesbroeck, of Yerkes 
Observatory, will head an expedition 
sponsored by the National Geographic 
Society to observe the zodiacal light dur- 
ing totality on June 30th. Three sta- 
tions will be occupied along a line ex- 
tending from North Platte, Nebr., into 
eastern Colorado. At these points, 
where the sun will be totally eclipsed 
just before it rises, it is hoped that the 
sky will be darkened enough to permit 
observations of the inner zodiacal light, 
as explained by Drs. F. E. Roach and 
Van Biesbroeck in the March issue. 
Photoelectric scanners will make rapid 


(Continued on page 224) 
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Time, calendar date, and year are shown for Earth and Mars in the Levitt- 

Mentzer clock. The numbers around the face indicate Mars time, and the 

three smaller dials (here arbitrarily set) register Martian date, terrestrial time, 

and terrestrial date. The clock, which is 16 by 16 by 14 inches in size, can also 

be run at over 2,000 times its normal rate to serve as a computing device for 
time-conversion problems. 


gee of the first pieces of scientific 
apparatus that the world’s future 

pioneers into outer space will re- 
quire is a timepiece that accurately 
records the 24 hours of the earth’s day, 
and which may be instantly compared 
with time established for a planet, such 
as Mars, that may be the object of ex- 
ploration. Even the return to Earth will 
probably have to be started at a precise 
hour, minute, and second of earth time, 
in order to rendezvous with an earth- 
satellite station. 

The construction of a chronometer 
that ties together the time on the earth 
and on Mars is necessarily complicated, 
because of the difference in rotation 
periods for these two planets. ‘The earth 
turns once in 23 hours, 56 minutes, and 
four seconds, which we call the sidereal 
day. However, the day we normally 
use is the mean solar day of 24 hours by 
our clocks. Mars rotates more slowly 
than the earth — its sidereal day is 24 
hours, 37 minutes, and 23 seconds. Its 
solar day is about 2.7 per cent longer 
than the solar day on earth. 

The Hamilton space clock illustrated 
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here was constructed from the writer’s 
design by Ralph B. Mentzer, assistant 
director of the process development lab- 
oratory of the Hamilton Watch Com- 
pany. To correlate the Martian day, 
month, and year with our own, compu- 
tations were based on Lowell’s rotation 
period of 24 hours, 37 minutes, 22.58 
seconds, for Mars. Since this work was 
done, Joseph Ashbrook has presented 
evidence that Lowell’s period is 0.088 
second too short. The figures in this 
article have been amended from those 
originally announced to correspond with 
the new value for Mars’ rotation. 


Mars Clock 
and 


Calendar 


By I. M. Levirr 
Fels Planetarium 
The Franklin Institute 


The large dial on the clock indicates 

Martian time, and is connected by gears 
to the small, lower dial indicating Green. 
wich civil or Universal time on earth. 
The earth pointer makes one full revolu- 
tion in 24 hours, but the Martian pointer 
requires 39.6 minutes longer. 
- Since Mars is about 114 times as far 
from the sun as the earth, its year is 
nearly twice as long. Mars require 
686.9797 earth days or 668.5991 Mars 
days to swing around the sun once. Our 
two simultaneous calendars have been set 
to begin with the Julian Day epoch, 
January 1, 4713 B.c. This date is 
selected as the start of Martian year 0. 
Using the 668.6-day year for Mars 
brings January I, 1954, into the year 
3641 M.Y. (Mars Year) on this Mar- 
tian calendar. 

On the clock, two similar dials show 
the year, month, and day, one for each 
planet. The Martian year has been 
arbitrarily divided into 12 months, eight 
of 56 days and four of 55 days, bearing 
the same names as those on the earth, 
but distinguished by a subscript letter 
‘“‘m.” These months have days numbered 
up to 56, instead of to a maximum of 
31. The four quarters are equal; the 
first and second months of each quarter 
have 56 days and the third has 55. 

As the week is also arbitrary (both 
on the earth and Mars), with no relation 
to astronomical events, we may use 4 
seven-day week for Mars, where it hits 
a convenient eight times into the 56-day 
months. But it is troublesome there, too, 
for some months are only 55 days long; 
thus, just as in the case of our own 
present calendar, the week does not fit 
into the year exactly. In our proposed 
calendar, however, the last Saturday o 





Sidereal period of Mars 
The Martian sidereal day 


i | 


686.9797 = 


1.02595680 


Wl 


Ht 


One Martian solar day 


1.02595680 + 668.599051 = 
The Martian solar day = 





BASIC DATA FOR A MARS CLOCK 


686.9797 solar days. 

24" 37™ 22°.6679 in mean solar units, 
1.02595680 solar days. 

669.599051 
668.599051 
1 + 1/668.599051 Martian sidereal days. 
The excess of the Martian solar day over its sidereal day is 

2™ 12%.5791 in mean solar units. 


24" 39™ 35%.2470 mean solar units. 


Martian sidereal days, 
Martian solar days. 
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each 55-day month is omitted, thereby 
keeping the weeks in step with the months 
throughout the year. 

Mars has seasons very much like the 
earth’s, because its axis is tipped away 
from the pole of its orbit about 25 
degrees, corresponding closely to the 
2314-degree angle for the earth’s axis. 
Therefore, the sun appears to move north 
and south in the Martian sky during 
the planet’s revolution around the sun. 
Each season is, of course, nearly twice 
as long as are ours. 

It is with the seasons that a calendar 
must keep step. To produce on Mars 
what corresponds to the earth’s tropical 
year, it is necessary to include 0.6 day 
at the end of the year. This interval 
corresponds to the extra quarter day of 
our years, which we take care of at four- 
year intervals by inserting a leap day. 
On Mars, we propose adding a day every 
three out of five years —the first and 
fourth years to contain 668 days, the 
other three years 669 days, and in these 
longer years December is given the extra 
day. 

Just as the simple leap year rule is not 





MARTIAN CALENDAR DATA 
January 1, 1954, is 2,434,743.5 solar days after January 1, 4713 B. C., Greenwich 
noon. Since 2,434,743.5 + 668.599051 is 3641.5+, January 1, 1954, falls in the Martian 


year 3641. 


We adopt 668.6 for the number of Martian solar days in the Mars calendar year. 
Let two years out of every five be ordinary years of 668 days; the others will have 669 
days. The calendar year is too long by 0.6 — 0.599051, which is 0.000949 day per year. 


This means that the calendar year will be out one day in about 1,000 years. 


fore, drop one day every 10th century. 


There- 


Then the calendar year is 0.001 — 0.000949, or 0.000051 day too long, but the 
error amounts to only one day in 20,000 years. 





enough for the earth, and the Gregorian 
calendar correction has to be added, so 
on Mars there is still 0.00095 day per 
year to account for. ‘Therefore, each 
tenth century year, for instance, 4000, 
5000, M. Y., will not be a leap year, in 
order to lose a day. After these adjust- 
ments, the Martian calendar will be in 
error by only one day in 20,000 years. 
This accuracy far surpasses our own 
Gregorian calendar, which is out one day 
every 3,000 years. 

Built by Mr. Mentzer in his home 
workshop, the clock has almost 400 
working parts. The basic motive power 
is a laboratory-type heavy-duty synchro- 


A Calendar for Mars 


nous motor, 60 cycle, which provides 
sufficient power for a “time flyer.” The 
device permits accelerating the clock by 
any amount to more than 2,000 times the 
clock’s normal rate. This is achieved 
through an overhead-running clutch to 
bring into operation a high-speed aircraft- 
type geared-head series motor which is 
manually controlled by a variable trans- 
former. 

The experimental clock is really a 
computing mechanism, and can be used 
for demonstration purposes. A full 24- 
hour earth day can be observed in 45 
seconds. The month and year indicators 
are 35-mm. film bands. We have pro- 
jected the clock into the future, and 
its film strips indicate the course of time 
for a 20-year interval, January I, 1970, 
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AMERICAN ASTRONOMERS REPORT 


Here are highlights of some papers presented at the goth meeting of the American Astronomical Society 


Tenn., 


at Nashville, 


The Behavior of Matter in Space 
The 
by Dr. 


University 


two main questions considered 
Lyman Spitzer, Jr., Princeton 
Observatory, who gave the 
seventh Henry Norris Russell lecture, 
were: What determines the tempera- 
ture of the interstellar gas? How can 
we explain the random motions of the 
interstellar clouds? 

What we mean by the temperature of 
interstellar space depends on the “‘ther- 
mometer” we use and on our definition 
of temperature. <A black body, heated 
by starlight, will be at the very low 
temperature of only three degrees above 
absolute zero, when located far from any 
particular star; but in these same regions 
the energies of cosmic ray particles cor- 
respond to trillions of degrees. 

Dr. Spitzer adopted the principle that 
most of the atoms in the interstellar gas 
have random velocities which can be ex- 
pressed in terms of the temperature of a 
gas in the ordinary sense. ‘That is, the 


distribution of the velocities in the in- 
terstellar gas can be shown to be Max- 
wellian, 
velocities 
of air 
condition holds certainly 


analogous to how molecular 
are distributed for a sample 
in thermal equilibrium. This 
for those hot 
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in December. 





regions where the hydrogen is ionized 
(H-II regions), for un-ionized (H-I) 
regions in general, and also for dust 
grains. 

The temperature of the gas depends 
upon the balance between the absorption 
of energy from starlight and the radia- 
tion of this energy by the gas. Edding- 
ton pointed out many years ago that 
interstellar gas can gain heat from star- 
light by the photoelectric effect. An 
atom is first made neutral (if it were 
ionized previously) by capturing an elec- 
tron; then a stellar photon of high energy 
strikes the neutral atom and is absorbed ; 
its energy is acquired by the electron 
which escapes with more energy than it 
had before it was captured. The addi- 
tional kinetic energy is thus available for 
heating the gas. Most of the heating 
by this process must occur in the H-II 
regions near hot stars, for the ultraviolet 
radiation capable of ionizing hydrogen 
or helium is available only around such 
stars. 

In the cooling of the however, 
atomic hydrogen plays a very minor role, 
because this atom is a very poor radiator 
in visible and infrared light. “The dom- 
inant process is excitation of an atom by 


gas, 


This picture of the 
region of Orion’s 
belt was made Octo- 
ber 3, 1948, by John 
C. Duncan with the 
18-inch Palomar 
Schmidt camera. The 
three belt stars ex- 
tend to the upper 
right, and the Great 
Nebula in Orion’s 
sword is _ partially 
included in the lower 
right. Near the cen- 
ter of the field, Zeta 
Orionis is immersed 
in bright nebulosity. 
The lower of two 
tongues of dark mat- 
ter silhouetted 
aga‘nst this nebu- 
losity is the famous 
Horsehead nebula. 
Mount Wilson and 
Palomar Observato- 
ries photograph. 


Complete abstracts will appear in the Astronomical Journal, 


electron impact, followed by 
of a photon of light, which carries awa 
into space the energy lost to the atom }y 
the colliding electron. Atomic hydrogen 
cannot radiate under such electrop 
bombardment unless the electrons haye 
some 10 volts of energy, corresponding 


to a temperature well above 10,000°} 
Most other atoms, however}. 


absolute. 
have excitation potentials from a hun. 
dredth of an electron volt to several 
electron volts, and they can be important 
in the cooling process. 


From cross-sections for excitation 0 


the oxygen atom, recently computed by} 
Spitzer finds of great im} 


Seaton, Dr. 
portance the 3.31-electron-volts excita- 
tion of ionized oxygen. After a wait of 
several hours, an atom excited in this 
way will emit a photon of the forbidden 
line at wave length 3727 angstroms. | 
there is an appreciable amount of singh 
ionized oxygen present in H-II regions, 
the equilibrium temperature would ap 
pear to be about 10,000° K. There is, 
however, a possibility that ionized nitro- 
gen might play a similar cooling role, 
but this does not seem very probable 
in view of the considerable observed 
strength of the interstellar 3727 line. 

The situation in the H-I regions dif- 
fers because the chief heating mechanism, 
absorption of ultraviolet light by hydro- 
gen atoms, is not operative. The cooling 
processes are again dependent on low 
excitation potentials, and several kinds 
of atoms may take part. There may be 
a slight heating of neutral hydrogen by 
the impact of cosmic ray particles, but 
this is uncertain. Interstellar grains 
tend to lower the temperature, as neu- 
tral hydrogen atoms lose energy on col- 
lision with them. The presence 0! 
hydrogen molecules would afford ver 
efficient cooling if any effect, such as the 
passage of a shock wave, were to cause 4 
temperature rise. The combined effect 
of all these processes, while difficult to 
work out in detail, must lead to a tem 
perature of the H-I regions of about 50° 
absolute. 

In principle the temperature of neu- 
tral hy drogen clouds can be found from 
the intensity of the hydrogen 21-cm. line, 
if an observed cloud is opaque at this 
wave length. The first preliminary 
measures do confirm low temperatures; 
this is an important field for further 
work. 

The interstellar gas, besides sharing 
in the rotation of i galaxy, has als 
turbulent motions; the clouds have ve 
locities averaging about five to 10 kilo 
meters per second, but occasionally mo 
tions of 100 kilometers per second art 
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HYDROGEN GAS 
Density. 

arms. 
Physical State. 


Veli cities. 


OTHER ELEMENTS IN GAS 
Density. 
atoms/cm.3, 
Velocities. 


velocities, from 25 up to 95 km./sec. 


Distribution. 


GRAINS 


of radii very similar in different regions. 
Density. 


Distribution. 


Polarization. 
ular to local spiral arms. 


OBSERVED CHARACTERISTICS OF INTERSTELLAR MATTER 


About 1 atom/cm.’ in spiral arms, with much lower values outside the 


Ionization nearly complete within 20-150 parsecs of B and O 
stars (JI-II regions). Elsewhere predominantly neutral (H-I regions). Temperature 
greater than 1,000° K. in H-II regions; about 50° K. in dense H-I clouds. 

Circular velocity of galactic rotation; turbulence between 5 and 10 
km./sec. (root mean square of radial velocity). 


Mean density of neutral sodium and ionized calcium about 3 x 10-9 
Fe, Ti, K, CH, CH+, CN present with about the same density. 


Most clouds move with local circular velocity of galactic rotation, 
plus r.m.s. spread of 5 to 10 km./sec. in radial velocity. About 1% have high random 


Straight line in galactic plane near sun intersects 10 such clouds 
per kiloparsec. Ionized calcium present in clouds or currents of differing velocities, 
but its ratio to sodium is greater in high-velocity than in low-velocity clouds. 


Size. Mean radius of optically important grains is about 3 x 10-5 cm. Distribution 


Mean space density of optically important particles in local spiral arms 
is about 10-26 gm./cm.3; density is much less outside spiral arms. 

Spatial distribution is extremely irregular; concentrations ranging 
from 0.05 to 50 parsecs, with density varying by at least 104. 

Grains are somewhat elongated, and tend to be oriented perpendic- 

















observed. Collisions between clouds are 
frequent—about once in 10 million years 
for any one cloud. As the collisions are 
inelastic, the motions would die out 
quickly unless sustained by temperature 
differences between various parts of the 
gas. 

High-temperature regions should ex- 
pand at the expense of low-temperature 
regions, until pressure equilibrium is 
attained, when the neutral hydrogen re- 
gions would have roughly 200 times the 
density of the ionized regions, since this 
is about the ratio of probable tempera- 
tures. The density of hydrogen in an 
H-I cloud is probably about 10 atoms 
per cubic: centimeter, but in the spaces 
between the interstellar clouds the den- 
sity is probably less by a factor of 100 
or more. 

Thermal effects that produce motions 
in interstellar matter may include heat- 
ing by an early-type star—this might 
cause heated gas to rise away from the 
galactic plane, buoyed up by heavier gas. 
J. H. Oort has suggested that when a 
star is formed by condensation within 
a cloud the rapid increase in radiation 
pressure as the star begins to shine might 
cause a violent explosion of the cloud. 

Small clouds near which a very hot 
Star passes may be accelerated to very 
high velocities by what Dr. Spitzer 
called “the interstellar rocket.” The 
star’s radiation would heat one side of 
the dense cloud, causing the heated ma- 
terial to expand toward the star; the 
recoil from this expansion would accel- 
erate the remainder of the cloud away 
irom the star. In this way a cloud, 
initially nearly stationary with respect 
to the star, could by the sacrifice of 99 


per cent of its mass be accelerated to a 
speed of 80 kilometers per second. 

Dr. Spitzer regards all of these proc- 
esses as likely to occur, with Oort’s 
mechanism of an explosion around a 
newborn O star accounting for the bulk 
of cloud motions. 

The expansion of a rarefied hot cloud 
into a denser medium is an unstable situ- 
ation, and Frieman and others have 
shown theoretically that thin spikes of 
cooler, denser hydrogen gas should pro- 
ject into the hotter and rarer expanding 
gas. This appears to explain what is 
frequently observed in emission nebulae, 
such as the Horsehead in Orion and 
M16 in Serpens: tongues or “elephant 
trunks” of obscuring matter extending 
inward from surrounding dark nebulos- 
ity and pointing toward the exciting star 
or stars. 

The effect of an interstellar magnetic 
field upon cloud motions must also be 
considered. Field and motions must be 
intimately connected, since under the 
conditions in interstellar space ionized 
particles cannot stray very far from a 
particular line of force. The field, if it 
is strong, will restrain the motions of 
the clouds, or if it is weak will be dis- 
torted by them. Homogeneous magnetic 
fields have been proposed by several in- 
vestigators to explain the polarization of 
starlight. 

Dr. Spitzer thinks that a homogeneous 
field in the galaxy is improbable; he 
believes it is probably locally chaotic 
with an average tendency for the lines 
of force to lie parallel to the spiral arms. 
Such a chaotic field would fit better the 
observed randomness of the motions of 
the interstellar clouds. 


Rotating Magnetic Stars 
and Cosmic Rays 

The possibility that cosmic rays may 
originate from rotating stars with strong 
magnetic fields was suggested by Dr. 
Armin J. Deutsch, Mount Wilson and 
Palomar Observatories. Such stars, rec- 
ognizable from their conspicuous periodic 
spectral changes, constitute about 10 per 
cent of the 4 stars with peculiar spectra. 

On this hypothesis, an atom of inter- 
stellar gas, if it could approach to within 
about 10 radii of such a star without 
acquiring its rotational velocity, would 
be ionized, and then the ions would 
rapidly acquire tremendous energies from 
the magnetic and electric fields of -the 
star. For instance, the proton and elec- 
tron of an ionized hydrogen atom would 
in six seconds of time acquire over 10!° 
electron volts each in moving a distance 
of one stellar radius along the lines of 
force. 

Some of these energetic particles might 
move down the lines of force and strike 
the star’s atmosphere, perhaps initiating 
cascade processes that would lead to the 
observed abundance anomalies for the 
peculiar 4 stars. Other particles, on 
moving out into space, might be further 
accelerated by the magnetic field of the 
galaxy, as E. Fermi has suggested, to 
become primary cosmic ray particles. 

Dr. Deutsch’s proposal is tentative, 
and encounters several serious obstacles. 
Thus he points out that unless the density 
of interstellar matter near the 4 star is 
less than 1/1,000 atom per cubic centi- 
meter, this matter would be so highly 
conducting that the energizing of the 
newly formed ions would be inhibited. 
It is at present a critical question whether 
or not the density a few radii above the 
surface of an 4 star is this low. 


Nova Tucanae 1952 


An addition to the short list of novae 
that have appeared in the Small Magel- 
lanic Cloud was reported by Henry J. 
Smith, of the Harvard Observatory’s 
station at Bloemfontein, South Africa. 
The nova was recognized by its spectrum 
on an objective-prism photograph taken 
with the ADH Baker-Schmidt telescope 
on December 21-22, 1952. On this plate 
the spectrum greatly resembles that of 
Nova Herculis 1934 nine days before 
that star’s maximum. 

Direct photographs show that Nova 
Tucanae reached maximum on December 
19-20, 1952, fluctuating rapidly between 
magnitudes 11.0 and 11.5 on that night. 
During the next nine months the object 
faded at least 7.5 magnitudes; this be- 
havior is characteristic of a fast nova. 

Hitherto, Nova Herculis has been 
unique in showing an emission spectrum 
before maximum. The appearance of the 
same features on the discovery spectrum 
plate of Nova Tucanae, though this was 
made two days after maximum, leads 
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Mr. Smith to suggest that this may be 
a second case, one in which the emission 
persisted somewhat longer than it did 
for Nova Herculis. 


Variable Stars in M3 


Where do RR Lyrae (cluster-type) 
variables fall in the diagram formed by 
plotting color index against apparent 
magnitude for the individual stars in a 
globular cluster? Drs. Morton Roberts 
and Allan Sandage have studied this 
problem for the globular cluster M3, in 
Canes Venatici, using 50 plates taken 
in blue and yellow light with the 100- 
inch reflector at Mount Wilson Observa- 
tory. 

All of the RR Lyrae variables were 
found to lie in a sharply delineated 
region of the color-magnitude diagram, 
unoccupied by nonvariable stars, extend- 
ing from color index 0.00 to +0.23 and 
centered on photovisual magnitude 15.68. 
There were three stars previously 
thought to be nonvariable that fell with- 
in this region; they are now shown to 
be variables with small amplitudes. 

The amplitude of light variation is 
small for RR Lyrae variables just with- 
in the region, but it rises to a maximum 
of 1.6 magnitudes, in blue light, for a 
color index +0.07. Unlike the period- 
luminosity relation for ordinary Cepheid 
variables, the RR Lyrae stars of shorter 
periods are brighter than those of longer 
periods. 

In a comment on this paper, Dr. M. 
Schwarzschild, Princeton University 
Observatory, said the work appears to 
confirm the belief that if a star can pul- 
sate it does so. Nevertheless, we still do 
not know the cause of the pulsation of 
stars. 





AMERICAN ASTRONOMICAL 
SOCIETY MEETING 

The gist meeting of the American 
Astronomical Society will be held ‘at 
the University of Michigan, Ann Arbor, 
June 20-23. There will be a sympo- 
sium on “Turbulence and Magnetic 
Fields in the Photosphere,” and a special 
paper by Dr. A. B. Meinel, on the 
aurora and the airglow. The Yerkes 
Observatory astronomer is to be award- 
ed the Helen B. Warner prize for as- 
tronomy. 

The Association for Computing Ma- 
chinery is meeting in Ann Arbor later 
the same week, and tentative plans call 
for the astronomers and the computers 
to meet in one or two joint sessions on 
subjects of mutual interest. On Monday 
evening, June 21st, there will be a trip 
to the Portage Lake Observatory, and 
on Thursday morning a trip to Lake 
Angelus for inspection of the McMath- 
Hulbert Observatory. “Ehese stations 
of the Observatories of the University 
of Michigan are about 15jand 50 miles 
from Ann Arbor, respectively. 


220 Sky AND TELESCOPE, May, 1954 


NEWS NOTES 


UNGAVA CRATER ORIGIN 

The crater in northern Canada known 
hitherto as Chubb crater has been of- 
ficially named Ungava Crater, from its 
location in the Ungava region of Que- 
bec, by the Canadian Board of Geo- 
graphical Names. J. M. Harrison, of the 
Geological Survey of Canada, spent six 
days there in the summer of 1953; in the 
Journal of the Royal Astronomical So- 
ciety of Canada he reports that the 
crater is of preglacial origin and that it 
appears to have resulted from the im- 
pact or explosion of a meteorite. 

He points out that the glacial action 
has largely obliterated the superficial 
characteristics considered by some as 
necessary to prove the meteoritic origin 
of such a terrestrial crater, and that 
other origins are inconsistent with the 
observed geological features of the ter- 
rain. No glacial debris has been found 
within the crater itself, which Dr. Har- 
rison believes partially deflected the flow 
of glacial ice because its walls protruded 
more than 300 feet above the surround- 
ing area. Furthermore, water frozen 
within the crater before glaciation be- 
gan may have provided a smooth surface 
for glacial ice to slide over. There are 
boulders perched on the rim of the cra- 
ter, very delicately balanced in many 
cases, as is characteristic of many boul- 
ders in glaciated regions. 


ELEMENT 100 

University of California scientists 
have produced an element of atomic 
number 100, by “fattening” plutonium 
atoms with neutrons, in two stages. 
Element 100 has a half-life of about 
three hours, decaying by the emission of 
alpha particles. Chemically, it acts like 
no other element known, and has the 
properties predicted for it by means of 
a concept developed by Dr. Glenn T. 
Seaborg. This work was done under 
his leadership at the AEC Materials 
Testing Reactor at Arco, Idaho. 








IN THE CURRENT JOURNALS 


MAGNETIC STORMS, AURORAE, 
IONOSPHERE AND ZODIACAL 
LIGHT, by Edward O. Hulburt, Sci- 
entific Monthly, February, 1954. “ .. 
there are two effects which at all times 
have confused thinking about the outer 
fringe of the earth’s atmosphere. . . 
the sweep-up by the earth of inter- 
planetary material and the electric 
charge brought to the earth by cosmic 
rays. 

A FAMILY OF SOLAR ECLIPSES, 
by Richard M. Sutton, Scientific Ameri- 
can, February, 1954. “The family to 
which the eclipse of next June 30 be- 
longs is one of 40 now periodically 
visiting the earth. We can follow this 
family from its birth nearly 900 years 
ago to its death four centuries hence.” 








By Dorrit Horry 





The process involved adding neutgg 
to plutonium until some califo 
(element 98) was formed; the samp 
was removed from the reactor and 
californium separated out by chem 
means. These atoms, of atomic wej 
252, were returned to the reactor 
bombarded with more neutrons, pp 
ducing first element 99, of atomic weigh 
253, and then element 100, of atom 
weight 254. 

Element 99, having a halflife 9 
about a month, had not previously beg 
reported as having been produced earlj 
at the Arco reactor, where it was fir 
made in December of last year. 


ERNEST ESCLANGON 

Ernest Esclangon, director of th 
Paris and Meudon Observatories frog 
1929 until his retirement in 1946, 
president of the International Astronom 
ical Union at its 1938 Stockholp 
meeting, died on January 28th at the 
of 77. The dean of French astronom 
Prof. Esclangon’s work included cele 
tial mechanics, time, solar eclipses, bak 
listics, and atmospheric acoustics. | 

During World War I, he developed 
for the military a widely used 
tem for sound location of enemy artib 
lery. In 1918 he was made co-ordinator 
of antisubmarine research. At the close 
of the war he became director of the 
Strasbourg Observatory, a position ht 
held until he succeeded H. Deslanda 
at Paris. 

Shortly before his death, Prof. 
clangon was working on the problem of 
establishing artificial satellites of the 
earth. 
BERKELEY CONFERENCE 


The astronomy department of thé 
University of California at Berkeley is 
arranging an astronomy conference beg 
tween August 16th and September 15th, 
for college and university instructors 
and other qualified persons, with the 
support of the National Science Foun 
dation. The principal lecturer will be 
Dr. Bart J. Bok, Harvard College Ob 
servatory, who will discuss the structure 
of the galaxy. Dr. A. J. Deutsch, Mount! 
Wilson and Palomar Observatories, will 
talk on astrophysics. Applications should) 
be addressed to the Department of As= 
tronomy, University of California, 
Berkeley 4, Calif., before June 15tie 
Membership will be limited to about 20 

_ ee 
FACING PICTURE: Planets are dif- 
ficult subjects for photography, and 
Saturn is no exception. This famous” 
Barnard photograph with the Mount” 
Wilson 60-inch shows the crape ring” 
in front of Saturn’s disk and several of 
the belts and zones that may be seen” 
with moderate-sized telescopes at the 
current opposition of the planet, as dis- 
cussed by D. P. Avigliano on page 240. 










































An extensive cosmic ray shower was recorded at the University of Manchester, England, where these two cloud chambers 
(each 28 centimeters in diameter) were operated simultaneously at the extremities of a circle 20 feet in diameter. From the 
tracks in the chambers, it is inferred that over 60,000 particles passed through the circle, and that the total energy of the 
shower was at least 1,000 billion electron volts. A 1,000-gauss magnetic field applied to the left chamber caused curvatures 
of the tracks of charged particles, to permit their identification. Photograph by A. C. B. Lovell and J. G. Wilson, from 
“Cloud Chamber Photographs of the Cosmic Radiation,” by Rochester and Wilson, Pergamon Press, Ltd. 


The Story of Cosmic Rays--IV 


Bartol 


4. Cosmic RAys IN THE 
ATMOSPHERE 


The Primary Cosmic Radiation. As 
stated earlier, primary cosmic rays appear 
to contain samples of every kind of non- 
radioactive atom in the universe. The 
chief constituent is the proton, the nu- 
cleus of the hydrogen atom. The per- 
centages of the elements vary according 
to different observers, but from repre- 
sentative data they are in the ratio of 
4,000 particles of hydrogen to 1,000 of 
helium, to 35 of carbon, nitrogen, and 
oxygen, to 10 of all nuclei with atomic 
numbers greater than 10. 

There can be no mesotrons in the 
primary radiation, for the mean life of 
the mu-mesotron, the longest-lived of 
the mesotron family, is only 2.3 micro- 
seconds when the particle is at rest, and 
even with energies as great as 100 billion 
electron volts,: the mean life is only 
2/1,000 ot a second. There is no place 
from which the mesotrons could have 
come, for the nearest body that could 
reasonably be a candidate for supplying 
them is the sun, and a particle traveling 
with the velocity of light itself would 
take more than eight minutes to reach us 
from the sun. 

Lifetime considerations rule out even 
neutrons as possidle components of the 
primary radiation, since neutrons have a 
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By W. F. 


Research Foundation, 


G. SWANN, Director 
Franklin 


mean life of the order of 18.5 minutes. 
The sun is the only body from which 
they could reach us, and if they came 
from the sun in appreciable amount, there 
would be a much larger change in cosmic 
ray intensity from day to night than ex- 
periment reveals. Unlike charged par- 
ticles, whose paths can be bent by the 
earth’s magnetic field, neutrons could 
not reach the side of the earth opposite 
their point of origin. 

The Production of Mesotrons.. When 
the protons of the primary radiation 
enter our atmosphere, they very rapidly 
disintegrate into mesotrons, as the result 
of collisions with the nuclei of atoms. 
The protons disappear so rapidly by this 
process that only about a third of them 
remain at an altitude where the pres- 
sure is 1/10 of an atmosphere. 

Even in the case of the heavier atoms 
contained in cosmic rays, it is the pro- 
tons in their nuclei that are responsible 
for giving birth to mesotrons; and since 
mesotrons are the most important con- 
stituent of the rays that we observe at 
lower altitudes, a helium atom, contain- 
ing two protons, is twice as effective 
in producing mesotrons as is a single 
proton. An atom like iron, with 26 
protons in its nucleus, is 26 times as 
effective as is the proton itself. If iron 
atoms, for example, were only one per 
cent as numerous as free protons, they 


Institute 


would nevertheless contribute about one 
third as many mesotrons as do the free 
protons. ‘Thus, despite the relatively 
small percentage of atoms of high atomic 
weight, it turns out that 50 per cent of 
the mesotrons produced in the atmos 
phere come from primaries which are 
heavier than protons. 

When a proton, either free or in com 
bination in a nucleus, enters the atmos 
phere and collides with the nucleus of 
an atom of air, it is probable that, im 
the first instarce, pi-mesotrons are pre 
duced, as shown in the genealogical chart 
in our March installment. A_ slowly 
moving pi-mesotron with a mean life of 
10°8 second would travel only a meter 
or so before disintegrating to form 4 
mu-mesotron. A slow mu-mesotron, with 
a mean life of the order of 2.3 micro 
seconds, would go less than 700 meters 
before disintegrating into an electron. 

Mesotrons of higher energy live long- 
er and penetrate farther, so that a meso- 
tron of 10 billion electron volts would 
live for about 2/10,000 of a second and 
in that time could travel 60 kilometers. 
Thus, from mean-life considerations 
alone it would have no difficulty i 
penetrating the whole atmosphere. As 
a matter of fact, only about 1.3 billion 
volts of its energy is necessary to allow 
for all the ionization it would cause on 
such a journey, so that neither ionization 





loss 0! 
ations 
from 
deed, s 
with § 
penetr 
of the 
ray in 
R depths 
parabl 
Stat 
atmosy 
These 
the pr 
mesott 
into th 
about 
rate 01 
the ra 
imum 
this p 
I trons 
ations 
the ra 
p intens' 
B with 
F mesot! 
> energy 
comin 
travel 
Th 
does tl 
height 
of the 
are ve 
breed 
by th 
The 


Wy 





Com 


nega 
elect 
whic 
war¢ 
mati 
by t 
Phot 
And 
Insti 














loss of energy nor mean-life consider- 
ations would prevent such a mesotron 
fom reaching the earth’s surface. In- 
deed, some of the mesotrons are produced 
with such high energies that they can 
penetrate far more than the thickness 
of the earth's atmosphere, and cosmic 
ray intensity has a measurable value at 
depths below the earth’s surface com- 
parable with 250 meters of water. 
Starting in the outer regions of the 
atmosphere, we have only the primaries. 
These decrease rapidly with descent, by 
the production of mesotrons, so that the 
mesotron intensity rises as we descend 
§ into the atmosphere until, at a depth of 
about 1/10 of the whole atmosphere, the 
rate of production of mesotrons balances 
the rate of decay and there is a max- 
imum in the mesotron intensity. Below 
this point, the disappearance of meso- 
Strons (as a result of mean-life consider- 
F ations enhanced by energy loss) exceeds 
the rate of formation, and the mesotron 
F intensity declines and continues to decline 


























: / with further descent. The high-energy 

: | mesotrons penetrate far, while the low- 

;  f energy mesotrons, either by decay or by 

: coming to rest as a result of energy loss, 
travel only shorter distances. 

The Production of Electrons. How 
does the number of electrons change with 
height? Near the extreme upper limits 
of the atmosphere cosmic ray electrons 
are very few, because the mesotrons that 
breed them have not yet been produced 
by the primaries in sufficient number. 
The mu-mesotrons that are produced 
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Coming to rest in a field of 7,250 gauss, 

) ina chamber filled with argon gas, this 

| negative mesotron decays to form an 
electron of 13 million volts energy, 
which makes the short weak track left- 
ward and down from the point of for- 
mation. Note the increased ionization 
by the mesotron as its energy wanes. 
Photograph by R. B. Leighton, C. D. 
Anderson, and A. J. Seriff, California 
Institute of Technology, courtesy the 

“Physical Review.” 








This cloud chamber, carried aloft to 


with low energy in the first tenth of the 
atmosphere die very near the places 
where they are born, giving rise to elec- 
trons. Higher-energy mesotrons, which 
can travel farther, do not die as rapidly 
and therefore do not produce electrons as 
copiously as do the low-energy mesotrons. 
‘Therefore, many more electrons will. be 
formed in the higher regions of the at- 
mosphere than in the lower. 

Each electron which is produced, how- 
ever, goes through the process of pair 
production (discussed in the March 
issue) and gives rise to progeny which 
increase in numbers as we descend from 
the point where the original parents 
were formed. The increase continues 
until it becomes balanced by the loss of 
electrons, when the ionization which they 
produce reduces their energy below the 
point at which the electrons can repro- 
duce themselves. Thus, each electron 
formed has its own little genealogical 
history involving rise in progeny to a 
maximum with descent, followed by a 
decline in numbers with further descent. 
A combination of the life histories of 
all the parent electrons produced near 
the top of the atmosphere thus results 
in a rise of the electron intensity as we 





95,000 feet, recorded the passage of a 

primary cosmic ray particle, a heavy nucleus of atomic number about 10, which 

passed through a carbon plate and three lead plates without significant change, 

producing a number of electrons. The mercury manometer, right, indicates the 

outside barometric pressure and hence the altitude. Photograph by E. P. Ney, 
F. Oppenheimer, and P. Freier, University of Minnesota. 


descend, a maximum being reached at 
a depth corresponding to about 1/10 of 
the atmosphere, after which the electron 
intensity diminishes rapidly with further 
descent. 

The situation is such that practically 
none of the parent electrons produced 
in the higher regions of the atmosphere 
can succeed in having any progeny at 
the earth’s surface. In fact, a parent 
electron would have to have an energy 
of some 10 trillion electron volts in the 
outer regions of the atmosphere to have 
a single offspring at the earth’s surface! 

Such electrons as we find in the lower 
atmosphere come partly from the rela- 
tively rare deaths of fast-moving meso- 
trons and from the deaths of mesotrons 
which have been slowed down by ion- 
ization energy losses. Another source of 
electrons is closely related to ionization 
itself: If a mesotron passes sufficiently 
near an electron in an atom, it may hurl 
that electron out with an energy very 
high compared with the normal energy 
given to electrons by mesotrons in ordi- 
nary ionization. Electrans shot out ot 
atoms with high energy in this manner 
are referred to as knock-on electrons, and 
they contribute appreciably to the elec- 
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tron component of the radiation meas- 
ured, particularly at low altitudes. 


Neutrons. It is of importance to ob- 
serve that disintegration of the proton 
in the primary charged atom leaves free 
neutrons, which should therefore be 
fairly plentiful in the places where proton 
disintegration occurs. Experiment, in- 
deed, reveals the fact that neutrons do 
exist in the atmosphere, and their in 
tensity mounts very rapidly as high alti- 
tudes are approached. It is not at pres- 
ent known whether the neutrons in high- 
energy atoms disintegrate on collision as 





protons do, but even if such is the case, 
we may expect to find some neutrons 
that have escaped destruction of this 
kind by becoming reduced in energy in 
the collision process to the point at which 
they no longer invite destruction. 
Extensive Showers. The phenomena 
above are the main contributions to what 
we measure as the cosmic radiation. 
However, there are other comparatively 
rare but very interesting phenomena. 
In extensive showers, some of the rays 
observed at sea level arrive so close to- 
gether in time, in spite of wide separa- 


A high-energy particle, 
probably a proton, while 
passing through a lead 
plate undergoes an in- 
teraction that produces 
cascades of electrons 
and photons, and pene- 
trating particles. The 
two cascades below the 
second plate have ener- 
gies of the order of two 
billion electron volts. 
The track going to the 
left is probably a proton 
of 100 million volts; to 
its right is a proton or a 
pi-mesotron that under- 
goes the nuclear en- 
counter producing at 
least four particles at 
the lower left. This 
photograph by C. Y. 
Chao is from “Cloud 
Chamber Photographs 
of the Cosmic Radi- 
ation,” by Rochester and 
Wilson, courtesy the 
“Physical Review.” 


tion in their places of arrival, as to gy. 
gest that they have a common origin 
probably in one very high-energy primar 
particle. P. Auger, who has. studis 
these matters intensively, states that gy¢, 
showers of rays may correspond to mon 
than a million particles arriving sim, 
taneously over an area of 25 acres, |; 
we should imagine these particles , 
originate through pair production fro 
a single high-energy electron, it woul; 
be necessary to assume for that electro 
an energy between 10! and 1018 electro) 
volts. Taking all losses into consider. 


ation, as high as 10!" electron volts fy} 


the parent particle has been estimate) 
as necessary to account for some of th 
phenomena observed. 


Nuclear Disintegration Caused Wy) 


Cosmic Rays. Another matter of grex 


interest in nuclear physics, although pos} 


sibly of subsidiary interest to cosmi 
ray students, is nuclear disintegratio 
produced by the rays. The neutrons jy 
the upper atmosphere doubtless play ; 
significant role in promoting such nuclea 
disintegrations. 

It has been customary to classify the 
events observed according to the numbe 
of prongs which emanate from th 
centers of collision of the rays with the 
nuclei of the atmospheric atoms. 4 
stated in April, analysis of the nature 0: 
these tracks, their angular spread, ther 
ranges in matter, combined with th 
fundamental principles of the conserve 
tion of energy and momentum during 
collision, serve to enhance our knowledg 
in that most mysterious realm of nuclear 
theory which involves the nature of nv 
clear forces. 

(To be continued) 





AIR FORCE AND OTHER 
EXPEDITION PLANS 
(Continued from page 215) 

horizontal sweeps along the horizon in 
an attempt to distinguish between the 
zodiacal light and the dawn. 

Prof. Arpad Elo will lead a joint ex- 
pedition of Marquette University and 
the Milwaukee Astronomical Society to 
the Keweenaw peninsula in Upper 
Michigan. Using equipment similar to 
that of the Air Force expeditions, this 
party will take motion pictures of the 
flash spectrum, in order to time the sec- 
ond and third contacts by Lindblad’s 
method. The records will be analyzed 
at Ohio State University. 

‘The equipment consists of a single- 
mirror coelostat which reflects sunlight 
into a 6-inch reflecting telescope. At 
the opening of the telescope tube is 
placed a 4-inch, 14° objective prism to 
provide the spectrum of the solar atmos- 
phere. Light leaving the telescope by a 
conventional diagonal enters a 35-mm. 
motion picture camera, in which the film 
is motor-driven at constant speed. Ex- 
posures will be made at accurately 
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known times at 24 frames per second. 
A second film will record WWV time 
signals, pulses from a secondary time- 
keeper, and pulses indicating when the 
spectrum exposures are made. 

The Milwaukee Astronomical Society 
is sending a second party, consisting of 
six persons, to Canada. This group will 
observe from Mlattice, Ont., unless it 
can arrange transportation to Rupert 
House at the southern tip of James Bay. 
The latter site would require traveling 
by boat from Moose Factory nearly a 
hundred miles across James _ Bay. 
Whether this can be done is uncertain, 
as the ice may not be out in time. 

The S.S. South American, of the 
Georgian Bay Line, on its regularly 
scheduled cruise of the Great Lakes from 
Buffalo to Duluth and return, leaves the 
latter city on Tuesday evening, June 
29th, at 8:30 CST, and arrives at 
Houghton, Mich., on the Keweenaw 
peninsula, at 10:00 EST the morning 
of the eclipse. Paul W. Stevens, 2322 
Westfall Rd., Rochester 18, N.Y., has 
ascertained that the ship will be on Lake 
Superior and well inside the path of 


totality at the time of the total phas. 
He suggests other interested person 
join him in cruising the Great Lake 
from some easterly point, such as Buffal 
or Detroit, and is preparing to observe 
the eclipse from shipboard. He invite 
correspondence from persons desiring at- 
ditional information. 

Eclipse observers who plan to trave 
to Canada will find that Mattice ani 
Kapuskasing, Ontario, are among the 
most accessible places within the path 
of totality. Information on travel bi 
railroad to these points can be obtained 
from C. H. Ladue, General Agent, Cx 
nadian National Railways, 497 Boylston 
St., Boston 16, Mass. 

Shadow bands will be studied by a 
eclipse expedition to Sweden of the Cal- 
ifornia Academy of Sciences. The three: 
man party, which includes Preston But 
ler and Leon Salanave, will make photo 
electric and photographic records of the 
bands, together with — simultaneous 
weather and sceing observations, in or 
der to get quantitative data on this elu- 
sive phenomenon. 
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Red Shifts of Spectral Lines 


By Otto Struve, Leuschner Observatory 
University of California 


MONG tthe problems of astro- 
physics, one of the most intriguing 
is the tendency of many astro- 

nomical objects to show a preponderance 
of red shifts in their spectral lines, as 
if they were all receding from the earth. 
That is, such recession would be implied 
were there no explanations for the red 
shifts other than the principle first pro- 
posed by Doppler in 1842 that red 
shifts in a spectrum are caused by rela- 
tive motion of the light source away 
from the observer. 

Last year marked the 1ooth anniver- 
sary of the death of Christian Johann 
Doppler, which occurred on March 17, 
1853, and we may here call attention 
to his contribution to spectroscopy by 
considering modern interpretations of 
red shifts in a variety of objects: sun, 
stars, and galaxies. 

According to Doppler’s principle, as 
later clarified by Fizeau, when a star is 
at rest with respect to the earth the 
stellar and laboratory lines of a particu- 
lar element coincide; there is no shift. 
When the star approaches, however, the 
stellar lines are shifted toward the violet 
side of the spectrum by an amount 
which, in angstrom units, equals the 
ratio of the velocity of the star and the 
velocity of light, multiplied by the un- 
disturbed wave length of the line. When 
the star recedes, the shift is in the same 
proportion toward the red side. 

Among thousands of stars whose 
spectra have been accurately measured, 
some show red shifts, while others have 
violet shifts. But on the average the 
red shifts are slightly more numerous, 
as though our galaxy were slowly ex- 
panding. This fact, discovered by E. B. 
Frost and J. C. Kapteyn at Yerkes Ob- 
servatory, is known as the K-effect. It 
is most prominent among the B-type 
stars. 

But few astronomers now believe that 
our galaxy is really expanding. The 


statistical interpretation of the radial 
motions of the B stars is complicated by 
the phenomenon of galactic rotation, and 
it is probable that the K-effect represents, 





The Doppler effect in a star’s spectrum 
is shown here. The relative motion of 
star and earth causes the dark iron lines 
in the stellar spectrum to shift with 
teference to the laboratory spectrum 
of the same element (bright lines). 


in part, the relative velocities of the B 
stars and the sun in their orbits around 
the galactic center. 

Even more perplexing are the radial 
velocities of the very hot O-type stars 
which are often located in galactic star 
clusters. R. J. Trumpler found in 1935, 
at Lick Observatory, that these stars 
have apparent velocities of recession that 
exceed those of the other stars in the 
same cluster by 10 or even 15 kilometers 
per second. According to Doppler we 
would infer that in their outward mo- 
tions the O stars pass through the clus- 
ters. But this is not logical, and we must 
attribute the Trumpler effect to some 
other cause. 

A possible clue to this cause was 
provided by W. S. Adams, at Mount 
Wilson Observatory, who found that 
the companion of Sirius also seems to 
run away from its luminous primary, in- 
stead of revolving around it in the ellip- 
tical orbit that direct visual observations 
show conclusively to be the actual case. 
The red shift of the spectral lines of 
the companion of Sirius cannot be a 
Doppler effect of recession. 

The explanation of the red shifts of 
lines in white dwarf stars—of which 
Sirius B is the most famous represcnta- 
tive—had been predicted by A. Einstein 
in his theory of general relativity. A 
popular account by Philipp Frank, of 
Harvard University, was printed in 
Sky and Telescope in 1942 (and is still 
available in pamphlet form). Readers 
are advised to consult Dr. Frank’s en- 
lightening discussion before they attempt 
to study more technical books on rela: 
tivity. 

We have already seen that the Dop- 
pler effect arises when the star and the 
earth are moving uniformly with respect 
to one another. Instead of receiving 7 
impulses per second from the star, the 
observer receives n’ = n (1 + v/c) 
impulses, where v is the relative velocity 
and ¢ is the velocity of light. Since 7, 
the frequency, is equal to the velocity 
divided by the wave length, A, we find 
Doppler’s formula to be 

A— Nv v 
rv’ c 
This is the primary Doppler effect, for 
uniform relative motion of the source 
and the observer. 

But if the motion is accelerated, there 
is added a secondary Doppler effect, 
which in ordinary nonrelativity physics 
is always very small and cannot be 
measured. In 1912, Einstein ad- 
vanced the “principle of equivalence,” 
according to which the effect of gravity 
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upon a ray of light must be the same as 
the effect of an acceleration. Hence, a 
quantum of light speeding from the 
sun’s photosphere toward the earth ex- 
pends energy in freeing itself from the 
gravitational field of the sun. The effect 
is proportional to the mass of the sun 
(2 X 1038 grams) and inversely propor- 
tional to its radius (7 X 10! centi- 
meters). As a result, lines in the solar 
spectrum should be shifted to the red 
by an amount equivalent to a recession 
of 0.6 kilometer per second. 
Measurements by C. E. St. John, at 
Mount Wilson, of 1,537 lines in the 
solar spectrum have on the average indi- 
cated the expected shift, but there were 
complicating factors that were also 
investigated by J. Evershed and by 
Adams.* The most important of these 
consists of a progressive increase in the 
amount of the red shift, between the 
center and limb of the sun’s disk. Our 
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Red shifts in the spectrum of the sun 
are here plotted for different points 
between its center and its edge. The 
ordinate unit is 0.001 angstrom. The 
dots are Oxford observations; open 
circles are Potsdam values. The crosses 
and continuous curve represent Finlay- 
Freundlich’s theory. Alli these values 
lie well below the prediction of rela- 
tivity, except at the limb. 


accompanying diagram shows the change 
of the red shift according to a group 
of Potsdam observers under E. Finlay- 
Freundlich, now of St. Andrews Uni- 
versity, Scotland, and according to Miss 
M. G. Adam, of Oxford. The Einstein 
effect, on the other hand, predicts a 
constant value of the red shift over the 
entire disk. 

For the companion of Sirius, we found 
in our December, 1953, discussion of 
white dwarfs that its mass is about equal 
to that of the sun while it has only 1/50 
the radius of our star. Hence, the ex- 
pected Einstein shift would be 0.6 X 1 
X 50, or 30 kilometers per second. This 
is of the same order of magnitude as the 
velocity of recession, 20 kilometers per 


*For a comprehensive discussion, see Char- 
lotte E. Moore’s article, page 186 of The Sun, 
Vol. I, edited by G. P. Kuiper, University of 
Chicago Press, 1953. 
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second, measured by Adams and later 
confirmed by J. H. Moore at the Lick 
Observatory. 

However, our estimate of the radius 
of Sirius B was based upon the rather 
uncertain assumption that its surface 
temperature is similar to that of Sirius 
A. Hence, in the past, astronomers have 
usually reversed the Einstein formula, 
and derived the radius of Sirius B from 
the red shift as measured by Adams and 
Moore. 

But there is a serious discrepancy be- 
tween this value of the radius and that 
computed from the theory of degenerate 
matter discussed in January. Then we 
found that the radius of a white dwarf 
that consists of helium is much smaller 
than of one that might consist of hydro- 
gen. According to G. P. Kuiper, the 
assumed radius of Sirius B, 1/50 the 
solar radius, would require it to consist 
of pure hydrogen. Since physical consid- 
erations make this impossible, it seems 
almost certain that this white dwarf star 
in reality has a radius of only 1/100 the 
sun’s. But this would require an Ein- 
stein red shift of 60 kilometers per sec- 
ond, more than twice the value measured 
by Adams. What is the trouble here? 

Kuiper believes that when the meas- 
urements of wave lengths are limited to 
the hydrogen lines alone, the red shift 
in Sirius B may actually be 50 to 60 
kilometers per second, and he does not 
even exclude a value of 80 kilometers per 
second. The metallic lines give smaller 
red shifts in Sirius B, but these lines may 
be due to the scattered light from nearby 
Sirius itself, despite the fact that the 
original investigators had attempted to 
correct their results for such atmospheric 
scattering. 

An entirely different explanation of 
the red shifts in stars and galaxies has 
recently been advanced by _ Finlay- 
Freundlich, who last year reviewed be- 
fore the academy of sciences in Goet- 
tingen the entire available information 
concerning red shifts of spectral lines in 
different types of stars. He does agree 
with the prediction of a small relativity 
red shift, which should affect all 
areas of the sun and all lines in its 
spectrum equally. 

He adds, however, a proposal that 
the photons of light in the atmosphere 
of the sun might interact with one an- 
other and undergo a change in wave 
length, or frequency, due to a loss of 
energy during their mutual interactions. 
Since there is as yet no physical inter- 
pretation of such a “fatigue effect,” the 
best that can be done is to make the 
simplest possible assumption, namely, 
that the ratio of the red shift to the 
wave length is proportional to the en- 


This and other possible explanations are 
listed in the latest edition of Theory of 
Atomic Nucleus and Nuclear Energy Sources,” 
by G. Gamow and C. L. Critchfield, Oxford 
University Press, 1949, page 293. 
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VELOCITY 














Radial velocity curves of the binary 
star HD 190918, by O. C. Wilson, of 
Mount Wilson Observatory. The dashed 
lines indicate the mean value of the 
radial velocity for each star, the Wolf- 
Rayet component being at the top. 
From the “Astrophysical Journal.” 


ergy density of the radiation and to the 
length of the path, LZ, of the light. 

According to Planck’s law, the en- 
ergy density is proportional to the fourth 
power of the temperature, 7’. Hence, we 
can write 

dA/A = AT'L, 
where 4 is an unknown constant which 
may be determined from the observed 
red shifts in the sun and in different 
types of stars. 

If we assume for the moment that in 
the atmosphere of the sun and other 
stars of the main sequence the path 
length is about 107 centimeters, we may 
derive 4 with the help of the B-type 
stars in the Orion nebula. Relative to 
the nebula itself, these stars seem to be 
receding at about 11 kilometers per sec- 
ond. Finlay-Freundlich believes that 
the true relativity red shift of the B-type 
stars amounts to about one kilometer per 
second. This leaves for the fatigue effect 
a fictitious motion of +10 kilometers 
per second, giving a value of dA/A of 
10/300,000, or 3.3 X 107. For the 
temperature of an average early B star, 
we take 20,000°. Hence, the constant 4 
turns out to be 2 X 10°°9, 

Now apply this value of 4 to the sun, 
using for its temperature 6,000°. The 
red shift would be reduced, compared to 
that in B stars, by a factor of (6,000- 
/20,000)4, which is about 1/100. Thus, 
at the center of the sun’s disk the fatigue 
effect would correspond only to approxi- 
mately 1/10 kilometer per second, the 
remainder being accounted for by the 
Einstein shift. Finlay-Freundlich then 
fits his theory to the observed increase 
in red shift toward the sun’s edges by 
the effect of the increased path length 
through the solar atmosphere for light 


coming to us from points near the lim), 
If the observed increase (plotted in th 
graph on page 225) is to be explaines 
in this way, the relativity effect can } 
permitted to have only one fifth th 
value predicted by Einstein; thus, x 
the center of the sun’s disk its yal 
would be about equal to that of the fy 
tigue effect, but at the limb the fatigue 
effect would predominate. 

Similarly, for the O stars of Trump. 
ler the red shifts would now be account. 
ed for by the fatigue effect, leaving littk 
or no relativity shifts. 


Finlay-Freundlich has also applied his | 


theory to the spectroscopic binary HD 
190918, for which the observed velocity 
curves are shown in the accompanying 
graph. The B-type component has the 
lower curve, with a mean velocity of ap 


proach of 22 kilometers per second} 
Normally, the other component of a bi- 


nary system would have to have a range 


of velocities averaging this same value, } 


representing the actual motion of the 
center of gravity of the two stars. But 
the Wolf-Rayet-type star that forms the 
other component of HD 190918 has a 
velocity curve appearing to average 8§ 
kilometers per second motion away from 
us! Obviously, the mean velocity found 
in this way cannot represent actual mo- 
tion of the Wolf-Rayet star, and we 
must look for another explanation. 

Therefore, the relative red shift of the 
Wolf-Rayet star is attributed to its ver 
high temperature, 40,000°, compared to 
the 20,000° temperature of the B star. 
If we again assume for the latter star 
fatigue shift corresponding to 10 kilo- 
meters per second, the expected fatigue 
shift of the Wolf-Rayet star would be 
increased by a factor of (40,000/20, 
000)4, or 16 times, to a value of 160 
kilometers per second. This roughly cal- 
culated discrepancy of 150 is of the same 
order of magnitude as the observed di: 
ference of 110 kilometers per second. 

Finally, Finlay-Freundlich attempts 
to apply his theory to the red shifts of 
the galaxies that are the observational 
basis for belief in an expanding un- 
verse. According to Hubble and Hun- 
ason, the apparent velocity of expansion 
increases by 500 kilometers per second 
for every 1,000,000 parsecs (3 X 10” 
centimeters) increase in distance from 
us. Assuming fatigue to take place unr 
formly in intergalactic space, and adopt- 
ing the value of 4 found from the 8 
stars, Finlay-Freundlich could solve his 
equation for 7’, the temperature of inter: 
galactic space; his result is two degrees 
above absolute zero. 

These computations were made be 
fore the new distance scale of the gal 
axies was announced by Baade in 1952 
With the new scale the temperature 0! 
intergalactic space would be somewhat 
less than 2° absolute. 

Finlay-Freundlich’s discussion is i 
triguingly ingenious. It has the advat- 
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tage of explaining in a single theory a 
number of detached facts. But it also 
raises some very serious doubts: 

1. The theory is based upon the B 
stars in the Orion nebula. But other 
B stars do not show a large K-effect; 
and what K-effect there is can be ac- 
counted for by the dynamical proper- 
ties of the galaxy. Of the utmost im- 
portance in this connection is R. M. 
Petrie’s recent conclusion that those B 
stars which are members of visual bi- 
naries or of galactic clusters “do not 
give any support to the hypothesis that 
the B stars generally will yield a positive 
K-term, from the red shift, of one or 
two km/sec.” There is not even the ex- 
pected gravitational red shift of this or- 
der of magnitude. 

2. The disparity of the mean veloc- 
ities in spectroscopic binaries having one 
Wolf-Rayet and one B- or O-type com- 
ponent is sometimes not at all consistent 
with the picture advocated by Finlay- 
Freundlich. Thus, W. A. Hiltner has 
found entirely different red shifts from 
the individual emission lines of Wolf- 
Rayet components. There also appear to 
be cases where the mean velocities differ, 
although the temperatures of the, compo- 


nents, and presumably also their path 
lengths, are the same. 

3- It is disturbing that in the sun the 
relativity red shift does not appear to 
exist—if Finlay-Freundlich’s theory is 
accepted. Most astrophysicists believe 
that the general theory of relativity is so 
fully confirmed by other evidence, astro- 
nomical as well as physical, that the rela- 
tivistic velocity of +0.6 kilometers per 
second must exist in the sun’s light. If 
it does not appear in the observations, 
then perhaps the best explanation is still 
St. John’s: that systematic motions in the 
solar atmosphere conceal the relativity 
effect. 

4. As we have seen, the white dwarfs 
do not fit the fatigue theory. For them 
T is about 10,000°, but the path length 
is certainly much shorter than 107 centi- 
meters. Hence, Finlay-Freundlich sug- 
gests that their red shifts may be anal- 
ogous to the “decapitated” relativity red 
shift of the sun. If the latter has only 
one fifth the value predicted by Ein- 
stein, then the white dwarfs might also 
show only a fraction of the Einstein 
effect. This would account for the meas- 
ured shift of 20 kilometers per second, 
as opposed to the approximately 80 pre- 


dicted for a white dwarf consisting of 
helium. But surely this one fifth, or one 
fourth, of the expected red shift can 
make no serious claim to represent the 
theory of relativity! 

5. Systematic motions in the form of 
large turbulent eddies are known to ex- 
ist in some stellar atmospheres. And 
systematic motions of infall are one of 
the most conspicuous features of solar 
prominences. Thus, red shifts may some- 
times be due to real primary Doppler 
effects. 

6. There is at present no indication 
from physical theory that a fatigue ef- 
fect exists. Nor are there any labora- 
tory observations that would lead us to 
expect one. The astronomical path 
lengths, of the order of 107 centimeters 
are, of course, not realized in a labora- 
tory. But the astronomical temperatures 
are not excessive, and the precision of 
the measurement of wave lengths is 
greater in the laboratory. Even though 
it would be difficult to measure the ef- 
fect macroscopically, as is done in astro- 
physics, there should be microscopic ef- 
fects when two photons interact directly. 
Thus far, no such interaction has been 
discovered. 





Amateur Astronomers 


PROGRAM OF THE CONVENTION 


A TENTATIVE program has been 
announced for the general conven- 
tion of the Astronomical League at 
Madison, Wis., July 2-5, with conven- 
tion headquarters at Babcock Hall, Uni- 
versity of Wisconsin. ‘The opening 
session will begin at 1:30 on Friday 
afternoon, July 2nd, with a roll call of 
societies, reports of officers and section 
chairmen, and other business. At 6:30 
that evening there will be a trip to 
Yerkes Observatory at Lake Geneva. 

A meeting of the North Central re- 
gion will be held at 9:00 a.m. Saturday, 
followed by a session for papers on solar 
observing. After an early afternoon 
business session, planetary observing will 
be discussed, and the convention banquet 
will be held at 7 o’clock. 

Sunday morning the exhibits will be 
open for inspection. In the afternoon 
there will be an observing session for 
lunar enthusiasts, followed by a program 
on junior activities. Eclipse experiences 
will be reported Sunday evening. — 

After a program concerning instru- 
ments Monday morning, the final busi- 
ness meeting will convene at 11:30 a.m. 

The University of Wisconsin Plane- 
tarium, the Washburn Observatory, and 
the Madison Astronomical Society Ob- 
servatory will be open for inspection 
during the convention, conditions per- 
mitting. 

Persons wishing to present papers at 
the convention should write the chair- 


AT MADISON 


man of the program committee, Ross H. 
Bardell, 600 W. Kilbourn Ave., Mil- 
waukee 3, Wis. Titles are required not 
later than June Ist, and a copy of each 
paper must be in the committee’s hands 
before the convention opens. 

See page 161 of the March issue for 
information on registration, exhibiting, 
and the eclipse bus tour. 


AAVSO MEETING 

The spring meeting of the American 
Association of Variable Star Observers 
will be held at Columbia University, New 
York City, in conjunction with the uni- 
versity’s bicentennial celebration. On Fri- 
day, May 7th, the association’s council 
will meet, and on Saturday there will be 
sessions for business and papers. 


NORTHEAST CONVENTION 

The Northeast region of the Astronom- 
ical League will hold its convention on 
the weekend of May 15-16 in Worcester, 
Mass. The Aldrich Astronomy Club is 
the host society. 

Registration will begin Friday evening, 
at the Museum of Natural History, Cedar 
Street, and a star party will be held at 
the society’s observatory, weather per- 
mitting. On Saturday there will be morn- 
ing and afternoon sessions for papers, in- 
cluding an hour for junior astronomers. 
Those wishing to present talks on any 
subject of astronomy should communicate 
immediately with the program chairman, 
Charles A. Federer, Jr.. Harvard College 
Observatory, Cambridge 38, Mass. 

The convention chairman is Dr. Leon 
A. Storz, 9 Gaskill Rd., Worcester. 
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THIS MONTH’S MEETINGS 

Buffalo, N. Y.: Buffalo Astronomical 
Association, 7:30 p.m., Museum of Science. 
May 5, round table, “Making a Telescope.” 

Chicago, Ill.: Burnham Astronomical 
Society, 3:30 p.m., Adler Planetarium. 
May 9, John Sternig, Glencoe Public 
Schools, “The Planet Mars.” 

Cleveland, Ohio: Cleveland Astronom- 
ical Society, 8 p.m., Warner and Swasey 
Observatory. May 21, Dr. Carl K. Sey- 
fert, Vanderbilt University, “The New 
Arthur J. Dyer Observatory.” 

Dallas, Tex.: Texas Astronomical So- 
ciety, 8 p.m., Mercantile National Bank 
auditorium. May 24, Harrison Sarrafian, 
“Special Theory of Relativity.” 

Lorain, Ohio: Black River Astronom- 
ical Society, 8 p.m., Spang Bldg. May 
5, E. Jennison, Warner and Swasey Co., 
“Telescopes.” 

Madison, Wis.: Madison Astronomical 
Society, 8 p.m., Washburn Observatory. 
May 12, observatory staff, “Eclipses.” 

Minneapolis, Minn.: Minneapolis As- 
tronomy Club, 7:30 p.m., Public Library. 
May 5, Maxine Begin, Science Museum, 
“Stars over Minneapolis.” 

New York, N. Y.: Amateur Astron- 
omers Association, 8 p.m., American 
Museum of Natural History. May 19, 
annual meeting. 

Oakland, Calif.: Eastbay Astronomical 
Society, 8 p.m., Chabot Observatory. May 
1, W. C. Marion, University of California, 
“Earthquakes and the Amateur.” 

Sacramento, Calif.: Sacramento Valley 
Astronomical Society, 8 p.m., Little 
Theater, Sacramento Junior College. May 
4, Dr. Joel Stebbins, Lick Observatory, 
“Pulsating Stars.” 

Teaneck, N. J.: Bergen County Astro- 
nomical Society, 8:30 p.m., Observatory, 
107 Cranford Pl. May 12, William C. 


Casperson, “Meteors.” 
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Much of the beauty of totality comes from the brilliant red hydrogen prom- 
inences that protrude past the edge of the moon and contrast strongly with 
the pearl gray of the inner corona. A view like this is best obtained through 
binoculars or with low power on a small telescope. This Lowell Observatory 
photograph was made at the eclipse of June 8, 1918. 


Events Along the Shadow Path 


By PauL W. Stevens, Rochester Academy of Science 


ERTINENT DATA for stations along 
the path of totality on June 30t! 
are given in the large table opposite; 
this information should be of special value 


to observers who wish to time the contacts 
accurately and to those who plan to photo- 
graph the phenomena. On pages 230 and 
231 is a map of the path in that region 
Wisconsin, and Michigan 
concentration of ob- 


of Minnesota, 
where the largest 
servers is expected to be. 

Over the approximate range of longi- 
tude from 90° to 99°, the sun rises already 
partially eclipsed, so the data for first 
contact are omitted from the table. The 
easterly limit of longitude for the 
table lies east of Hudson Bay; very few 
professional observers in 


75° 


amateur or 


North America will be located east of 
that longitude. 
In Canada, there are few accessible 


observing points even west of 75° longi- 
tude; these are shown on the map from 
the American Ephemeris eclipse supple- 
ment* that was published in the February 
issue. They are located on the road and 
railroad near Hearst, Ontario, and on 
the railroad running north from Cochrane 


*This booklet, Total Eclipse of the Sun, June 30, 
1954, is issued as a supplement to the 1954 
American Ephemeris. The supplement may be 
ordered from the Superintendent of Documents, 
Washington 25, D. C., for 40 cents (do not send 
stamps). The 1954 American Ephemeris costs 
$3.75. 
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lo Moosonee and Moose Factory at the 
foot of James Bay. 

The accompanying charts are designed 
to aid the reader in visualizing the geom- 
of the situation in the sky as the 
the sun, 

central 


etry 
moon appears to pass across 
as seen from points along the 
line and the edges of totality, and from 
a short distance outside the edges. 

In each chart, the larger circles repre- 
sent the moon, exaggerated in size relative 
to the smaller circle for the sun. The 
parallel dashed lines indicate the moon’s 
motion eastward the sun. It is 
suggested that the reader cut out a disk 
of cardboard the size of the moon circle 
and slide it across each diagram between 
the dashed lines; this will give a better 
idea of the changing relative positions of 
the sun and moon than our diagrams and 


across 


discussion alone can do. 





In part A, the line OV runs from the 
sun’s center toward the zenith, perpen. 
dicular to the horizon, while ON is the 
sun’s hour circle and is perpendicular to 
the sun’s apparent diurnal motion, neglect. 
ing the minute effect of change in declina. 
tion. Accordingly, VON equals the angle 
the sun’s diurnal path makes with the 
horizontal; its value can be found readily 
from the table by taking the difference 
between the position angles measured 
from the north point and from the vertex. 
For example, at 99° longitude, this differ. 
ence is 43 degrees at second and third 
contacts. 

At all the stations tabulated, the sun 
is in the northeast quarter—its azimuth 
is less than 90 degrees. This has an 
important effect on the variation of angle 
VON during the eclipse at any station: 
in diagraming predicted position angles, 
use the large table to take into account 
the sun’s changing azimuth, altitude, and 
hour angle. As an example, consider the 
situation at longitude 88° west: 


Contact Angle NOC Angle VOC Angle VON 
First 272° 310° 38° 
Second 92 134 42 
Third 272 314 42 
Fourth 92 138 46 


The positions of the moon in A are 
drawn for both first and second contacts, 
M; and M2. When the moon is at M,, first 
contact takes place at C:, and the initia! 
partial phase of the eclipse begins. When 
the moon has advanced to M2, the disks 
are internally tangent at C2; the sun is 
completely covered and totality begins 
For stations on the central line, the center 
of the moon appears to pass directly over 
the center of the sun, and the points 
M.-C,-M:-O-C; lie on a straight line. The 
position angles of C, and C:, measured 
from the north point, differ by 180 degrees. 
Similar considerations apply to third and 
fourth contacts, at the end of totality 
and the terminal partial phase, respec- 
tively. 

Part B shows the situation along one 
edge of the path. Here totality is instan- 
taneous, for second and third contacts 
coincide at S, corresponding to the least 
apparent separation between the centers 
of sun and moon. 

There is quite a difference in the be- 
havior of the contacts as we consider 
observers progressively farther from 
the central line toward the _ edges 
of the path. The position angle of first 
contact, at C in part B, changes only by 
the small angle ROM (which amounts to 





Diagrams by the author to show sun-moon positions for observers along the 
central line (A); at the edge of the shadow (B), and just outside the path of 
totality (C). 
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PATH OF THE TOTAL PHASE IN TH E UNITED STATES AND CENTRAL CANADA 







































































Laagh First Contact Second Contact Third Contact Fourth Contact At Mid-Totality Sun's 
from —aaamee a ig Shortest 
Green: Northern Central Southern r A - 
wich Limit H Line Limit Uae eat Eat Bi ee ane Universal oo oar Universal | ane oy nn Alti- Ati h Hour to Bage of 
| Point’ | Vertex “Pot | Vertex “me |*Femt’ | Vertes oe "eas | Vere cool 8 Enes _— = 
4 Paks| Sane ae ei 
ro > + ao” hm s ° “i hm s e e | i ae © hl Se ee ° e s ? e 4 e In miles 
499] +43.00| +42 24 ee eee 11 07 07 92 135 | 1108 16, 272; 3157120056! 91/ 139] 68.7] 0.06) 57.83 | -112 56 34 
98 43 28 42 52| +4217 11 07 08 92 135 | 110818) 272; 3157120116! 91) 139] 69.8] 0.93| 58.51! 111 56 34 
97 43 56 43 20 42 44 11 07 10 92 135 | 1108 21 | 272| 315]120139, 92, 139) 71.1] 1.81 | 59.21! 110 55 35 
96 44 24 43 48 43 11 11 07 15 92 135 11 08 27 272 315 | 12 02 04 92; 139 72.3 2.68 | 59.91 | 109 54 35 
95 44 53 44 16 43 39 11 07 21 92 135 11 08 34 272); 315] 12 02 31 92; 139 73.5 3.56 | 30.63 | 108 52 35 
494] +4521] 44444] 44407]... 11 07 28 92 135 | 110843 272; 3151120300, 92/| 139] 74.8] 4.44 51.36 | -107 50 35 
93 45 49 45 12 44 35 11 07 39 92 135 | 110855 272) 315] 12 03 31 92) 139] 76.1] 5.31 | 52.11 | 106 47 26 
92 46 18 45 40 45 02 11 07 51 92 135 | 110908; 272| 315] 12 04 04 92| 138] 77.3] 6.18) 52.87/| 105 44 36 
91 46 46 46 08 45 30 11 08 04 92 134 | 1109 23), 272/| 315] 120439) 92/ 138] 786] 7.04 53.64/| 104 40 37 
90 47 14 46 35 45 56 11 08 20 | 92 134 | 110940/ 272) 315]120516 92/| 138] 79.9] 7.90 34.42! 103 36 37 
+89 +47 42 +47 03 +46 23 | 10 16 24 272 310 | 11 08 37 92 134 11 09 58 272 314 | 12 05 55 92 138 81.2 8.76 35.21 | -102 32 37 
88 48 10 47 30 46 50 | 10 16 26 272 310 | 11 08 56 92 134 11 10 18 272 314 | 12 06 36 92 138 82.5 9.62 16.02 101 27 38 
87 48 37 47 57 47 17] 10 16 29 272 310 | 11 09 16 92 134 ] 111040) 272) 314]120718 92) 137] 83.9] 10.47) 36.85 | 100 22 38 
86 49 04 48 24 47 44] 10 16 34 272 310 | 11 09 39 92 134 11 11 04 272 314 | 12 08 02 92 137 85.2 | 11.32 37.69 | 99 16 38 
85 49 31 | 48 50 48 10 | 10 16 40 272 310 | 11 10 03 92 134 [1111 30) 272, 3147120848! 92! 137] 865] 12.16) 38.55! 98 10 39 
484] +4958) +4917| +48 36] 10 16 48 272 310 | 11 10 29 92 134 J 11 1157) 272) 3149120935; 92 137] 87.8] 13.00| 39.42 | - 97 03 39 
83 5025 | 49 43 49 02 | 10 16 57 272 310 | 11 10 56 92 134 | 111225! 272) 314]121024; 92! 136] 89.2] 13.83) 70.31 95 56 39 
82 50 51 50 09 49 27 | 10 17 08 272 310 | 11 11 25 92 134 [111255 272 314)121115 92! 136] 90.5] 14.65, 71.21 94 49 40 
81 51 17 50 34 49 51} 10 17 20 272 310 | 11 11 55 92 134 | 111327] 272, 314)121208; 92}| 136] 91.8] 15.47| 72.13} 93 41 40 
80 51 42 50 59 50 16 | 10 17 34 272 310 | 11 12 27 92 134 | 11 1400) 272 313]121302 93! 136] 93.2] 16.28 73.06! 92 33 40 
479] +5207] +5124] +50 41] 10 17 49 272 310 | 11 13 00 92 133 | 11 1435 | 272) 313)12 1357; 93/| 135] 94.5] 17.08! 74.01 | - 91 25 40 
78 52 32 51 49 51 06 | 10 18 05 273 310 | 11 13 35 93 133 11 15 11 272 313 | 12 14 53 93 135 95.8 | 17.87 | 74.98 90 16 4i 
77 52 56 52 13 51 30] 10 18 23 273 310} 11 14 11 93 133 [1115 48 273| 3137121550) 93) 135] 97.1] 18.66) 75.96| 89 07 41 
76 53 20 52 37 51 53 | 10 18 42 273 310 | 11 14 48 93 133 [11 16 26! 273{; 313]12 1648; 93] 134] 98.4] 19.45| 76.95! 87 57 41 
15 53 44 53 00 52 16 | 10 19 02 273 310 | 11 15 26 93 133 [111706 | 273 313]121748; 93] 134] 99.7] 20.22| 77.96; 86 47 41 
37 minutes of arc at this eclipse) from 
its value along the central line. For 
second and third contacts, however, the 
situation is very different, because in the 
short terrestrial distance between the 
center and edge of the path their position 
angles swing 90 degrees. To know 
the exact position angle at which totality 
will begin and end, an observer must know 
how far he is from the center line. For 
this eclipse, in Wisconsin and Michigan, 
the following approximate figures may be 
useful: 
Distance in miles Position angle NOC Duration 


Contact IT Contact III 


from central line 


30 northwest 145° 219° 
20 northwest 124 240 
10 northwest 107 257 
0 92 272 
10 southeast 77 287 
20 southeast 60 304 
30 southeast 39 325 


The foregoing table is based on Table 
VI and VII in the eclipse supplement, 
far more detailed information is 
which allows an observer who 
knows his latitude and longitude any- 
where within the path to predict the 
position angles of the contacts and the 
duration of totality. Table V there will 
give the contact times. 

Some observers will be situated near 
the limits of the path and will be unable 
to travel to the central line. For them, 
distances of fractions of miles can be 
significant in increasing the length of 
observed totality. For longitudes 93° to 
88° west (from Minneapolis to the 
Keweenaw peninsula), the first half mile 
inside the edge increases the duration 
of totality to 12 seconds. From Table 
VIII of the supplement, the following 
durations in seconds of time are taken: 


where 
given, 


Miles inside limit OS 20 5 
Longitude 93° west 12 16 20 
Longitude 88° west 12 17 2] 


seconds 


48 
67 
77 
80 
77 
67 
48 





Long coronal streamers and short polar spikes are typical of 


the shape of the corona near minimum of the sunspot cycle. 

The coming eclipse may resemble this one seen from the north- 

eastern United States on January 24, 1925. This painting by 
Howard Russell Butler portrays the naked-eye appearance. 


It is important to get several miles in- 
side the predicted and plotted limits, 
however, as the exact position of the 
shadow edge is uncertain. 

Part C of the diagram concerns ob- 
servers outside but near the path of 
totality. The dashed lines show that the 
moon fails to cover that part of the sun 
outside the points on its limb marked 
X and Y. First contact is marked by C: 
and last contact by Cy; as the eclipse is 
partial, there are no second and third 
contacts. As suggested above, sliding a 
disk the size of the moon’s circle between 
the parallel lines will aid in understanding 
what happens here. 


20 25 30 SS 405. 45 50 
23 26 28 30 32 34 36 
24 27 29 32 34 36 37 
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The motion of the cusps of the solar 
crescent are particularly interesting just 
outside the edges of the path of totality. 
To visualize this phenomenon choose 
disks for the sun and moon that are 
nearly alike in size and slide them so 
they pass nearly tangent to each other. 
It will be seen that just as OM becomes 
perpendicular to XY, at the time of maxi- 
mum partial eclipse, the illuminated cres- 
cent of the sun swings rapidly around 
the moon in a very striking manner.* 
Observers just outside of totality on June 
30th will enjoy watching fo~ this effect, 
and it can be dramatically recorded on 
motion pictures. 


*It is this effect on which Dr. Rh. d’ E, Atkin- 
son bases his method of timing solar eclipses 
for geodetic purposes, as described by him in 
Sky and Telescope, November, 1952. 
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ECLIPSE ROAD MAP 


_— REGION of the north-central United States will undoubtedly attract 

thousands of eclipse observers from all over the country, for it is favorably 
situated from the standpoints of accessibility, places to stay, and general weather 
prospects. Early morning cloudiness is least at Minneapolis, with the chances 
that the eclipse will be visible decreasing by about 10 per cent from there to 
the tip of the Keweenaw peninsula. Further weather details are in Edward M. 
Brooks’ article in the October, 1953, issue of Sky and Telescope. 

At Minneapolis, the sun will be about 5% degrees high at totality; at Cop- 
per Harbor, it will be nearly 10 degrees high. The edges of the path of the 
moon’s umbral shadow are plotted by heavy, nearly parallel lines; -he central 
line extends midway between them. The path increases in width from 72 miles 
at St. Paul to 76 miles on the peninsula. The duration of totality will be 76 
seconds in the Twin Cities, and about six seconds longer at the tip of the 
Keweenaw peninsula. The southern shore of Lake Superior is bcrdered by 
sharply rising land, and observers can easily reach points 500 feet or riore above 
the level of the lake, which is 602 feet above mean sea level. The highest point 
in Michigan is near the central line, 2,023 feet high in the Porcupine Mountains 
state park. This map is reproduced by courtesy of the Shell Oil Company, 


copyright H. M. Gousha Company. 
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% 4 SKY AND TEACHER % X 


Sponsored by the 
Teachers’ Committee of the American Astronomical Society 


Astronomical Films 

A number of motion pictures suitable 
for instructional use in astronomy are 
available at the present time, and we 
take this occasion to list the producers 
and titles of all those films known to 
the teachers’ committee. Although there 
are many good movies on such topics as 
atomic energy and optics as well as on 
the various aspects of navigation, we con- 
fine the accompanying list to those films 
that are chiefly devoted to general as- 
tronomy. 

Information has been taken from un- 
published lists and reviews prepared by 
Drs. Alice Farnsworth, Freeman Miller, 
Marguerite Risley, and Marjorie Wil- 
liams, for the teachers’ committee, by 
Dr. C. P. Custer, of the Stockton Astro- 
nomical Society, and by E. F. Bailey 
for the Astronomical League, to each of 
whom the writer is indebted. Reference 
can be made to an illuminating report by 
Dr. Thornton Page, “Motion Pictures 
as an Aid in Teaching Astronomy,” in 
Popular Astronomy for March, 1951. 

The several producers, whose address- 
es are given below, can provide you with 
catalogues and with the names of their 
nearest dealers. Some of the films can 





be rented or purchased from your state 
or regional film library. The Superin- 
tendent of Documents, U. S. Govern- 
ment Printing Office, Washington 25, 
D. C., sells for 15 cents a rather com- 
plete listing entitled, “A Directory of 
897 16-mm. Film Libraries.” 

The list of titles is grouped by pro- 
ducer. All films are 16-mm., sound, 
black and white, unless otherwise noted. 
For those few whose subject matter is 
not evident from the title, a remark on 
content is added parenthetically after the 
title. Following this are the running 
length in minutes, notes on sound or 
color where necessary, educational level, 
and a quality indicator. Educational 
level is indicated by J for junior high 
school or younger, S for senior high 
school or older, and X where we have 
no information. One should note that 
categories J and S§ are not mutually ex- 
clusive, since some of the films are all 
right “for the whole family.” ‘The 
quality indicator is given only for those 
films that have actually been previewed 
by one of the above-mentioned group or 
by the writer. An asterisk indicates a 
generally favorable opinion; a dagger 
indicates a ge enerally untavorsote opinion, 
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MAKING YOUR OWN TELESCOPE, by Allyn J. Thompson — This book gives 
complete instructions on how to make a 6-inch reflecting telescope, including 
the mirror and cell, tube, equatorial mounting, and tripod, with discussion of 
eyepieces, setting circles, and suggestions for a second telescope ...... $4.00 


INSIGHT INTO ASTRONOMY, by Leo Mattersdorf—A book for the layman 
answering the questions the average person has on astronomy ........ $3.50 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by Philipp Frank — 
The general theory of relativity discussed for the layman ................ $.50 


SKY SETS I— 24 pictures of the solar system and galactic objects, each 84/2 
x 1134 inches printed on heavy paper, with a white border. A separate sheet 
SNA TR RUNNIN os 5.55 v5 oro 5 40.545 sive Genre a sihaiela aly d Calp'n seis ole $4.00 


MOON SETS — 18 separate pictures from Lick Observatory negatives, each 
81/, x 113% on a sheet 12 x 18 inches. Small key charts are provided for the identi- 
fication of lunar seas, mountains, and craters ............. eee e ee eee ees $3.00 


ATLAS OF THE HEAVENS — 16 charts covering the entire sky, each 18 x 24 
inches, make up the Skalnate Pleso Atlas of the Heavens. The charts show 
all stars to visual magnitude 7.75, including binary and multiple stars, and 
variables. All galaxies brighter than 13.0 are included, as well as clusters and 
enna RMREE NUR TNU E ORELISEROE 5 55 4509's os 0's 216 54 0 w 0% 0's AUN wlalers ove 454 ore nln. OM $6.00 


MAPPA COELESTIS NOVA — A map of the northern sky, 25 inches in diameter. 
Six colors are used to indicate the spectral types of all stars brighter than the 
5th magnitude. The map shows the magnitude of each star, as well as the 
names of the brighter ones. A decorative display piece .................. $5.00 


WORLD-WIDE P"UANISPHERE, by William H. Barton, Jr.— A book of basic con- 

stellation charts and masks to show the stars above the horizon at any time of 

night or year, at all latitudes, northern and southern .... ................ $3.00 
Payment should accompany your order; stamps accepted. 


Harvard College Observatory 


Sky Publishing Corporation Cambridge 38, Massachusetts 
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usually because of excessive factual error 
or because of datedness. 


A. F. Films, Inc., — 1001, 1600 Broadway, 
New York 19, N. 
“Hermits of the =" (life of observers at 
Pic du Midi), 10 min., S, *. 


Public Relations, California Institute of Tech- 
nology, 1201 E. California St., Pasadena 4, 
Calif. 
“The Story of Palomar,” 40 min., black or 
color, S, *. 


High Altitude Observatory, University of Colo- 
rado, Boulder, Colo. 
“Explosions on the Sun,” 12 min., silent, 
5.3%; 
Coronet Films, Coronet Building, Chicago 1, 
Ill. 
“Gravity,” 11 min., black or color, J. 
“The Solar System,” 11 min., black or color, 


J. 


Encyclopedia Britannica Films Corp., 1150 
Wilmette Ave., Wilmette, II]. 
“The Earth in Motion,’ 11 min., S, * 
“Exploring the Universe,’ 11 min., S, * 
“The Moon,” 11 min., S, *. 
“The Solar Family,’ 11 min., S, *. 


Edited Pictures System, Inc., 165 W. 46 St.. 
New York 19, N. Y. 
“The Earth— Rotation and_ Revolution,” 


9 min., J, 7. 


Franco-American Audio-Visual Distribution 
Center, Inc., 934 Fifth Ave., New York 21, 
IN; x. 

“Cinema et Astronomie” (eclipses of sun and 
moon, solar features), 25 min., sound in 
French, X, *. 

“Voyage dans le Ciel” (trip through the 
universe), 20 min., sound in French, X, * 


International Screen Organization, 609 Phila- 
delphia Ave., Washington 12, D. C. 

“The Depths of Space — Exterior Galaxies,” 

10 min., S, *. 

“The Milky Way,” 10 min., S, *. 

“The Moon,” 10 min., S, *. 

“The Solar System,” 10 min., S, *. 

“The Sun,” 10 min., S, *. 


Knowledge Builders, 625 Madison Ave., New 
York: 22.-N:-Y. 
“The Earth and Its Seasons,” 10 min., J, * 
“Story of the Telescope,” 11 min., J, 7. 
“The World We Live In,” 10 min., J, 7. 


Audio-Visual Education Center, University of 
Michigan, Ann Arbor, Mich. 
“Solar Prominences,” 11 min., S, *. 


Teaching Film Custodians, Inc., 25 W. 43 St., 
New York 18, N. Y. 
“Exploring Space” (a rocket trip), 9 min., 
t foe 
United World Films, 
New York 29, N. Y. 
“Day and Night,” 9 min., 
“Latitude and Longitude,” 
color, X. 
“The Seasons,” 9 min., black or color, X. 


Young America Films, Inc., 18 E. 41 St., New 
York 17, N. Y. 
“This Is the Moon,” 11 min., J. 
“The Sun’s Family,” 11 min., J. 
“What Makes Day and Night,” 


Inc., 1445 Park Ave., 


black or color, X. 
9 min., black or 


11 min., J. 


STANLEY P. Wyatt, Jr. 


University of Illinois Observatory 
Urbana, III. 
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gy BOOKS AND THE SKY 


AMATEUR TELESCOPE MAKING, 
BOOK THREE 

Ibert G. Ingalls, editor. Scientific Ameri- 

= Inc.. New York, 1953. 644 pages. 


$7.00. | 

HIS new book will be welcomed by all 

amateurs, as well as those who have 
moved forward to become professional 
astronomers Or opticians. It is dedicated 
to the late Russell W. Porter, who will 
long be remembered as the inspiration for 
Amateur Telescope Making and Amateur 
Telescope Making Advanced. his new 
member of the A.T.M. family will appeal 
mostly to the advanced amateur, although 
any person willing to devote time and 
study to it will receive valuable informa- 
tion and new ideas. . 

The 44 chapters, written by men of out- 
standing reputation, contain such a wealth 
of material that only some of the high- 
lights can be mentioned here. Among 
these are two very interesting optical sys- 
tems for astronomical photography, de- 
scribed by James G. Baker, with complete 
design and construction data. One is a 
3-inch Cooke triplet objective for photog- 
raphy. The other is a corrector plate for 
reflectors (see “The New Arthur J. Dyer 
Observatory.” Sky and Telescope, Janu- 
ary, 1954). Consisting partly of an achro- 
matic lens, the corrector plate transforms 
the original instrument into a wide-angle 
flat-field camera, with performance equal- 
ing that of a Schmidt. 

Another modern development in reflec- 
tors is the Maksutov telescope. Frank- 
lin B. Wright describes the construction 
of a Maksutov-type simple diverging 
meniscus that serves as a correctin™ lens 
for Newtonian and Herschelian telescopes: 
his example contains only spherical optical 
surfaces. 

Earle B. Brown tells us how to con- 
struct an aluminizer, a project IT attempted 
myself several vears ago. If this informa- 
tion had been available then manv of my 
difficulties could have been avoided. The 
article gives full details and lists firms who 
can supply the materials needed. Manv 
drawings and photographs expl-in trouble- 
saving methods. 

“The Theory and Application of the 
Concave Diffraction Grating” is bv C. 
Fred Clarke, a person in the “know-how” 
class. The making of a very instructive 
spectrograph arrangement is told in simple 
language. It uses a grating with a focal 
length of 106 centimeters, and it is built on 
a 53-inch lathe bed. Another laboratorv- 
tvpe gratine spectrograph with a five-foot 
focal length is described bv Strathmore 
R. B. Cooke and Robert A. Wilson. Both 
accounts are detailed, with manv illustra- 
tons. Such instruments can he houcht on 
the open market. but at prices outside the 
average amateur’s budget. 

How to make flats that are reallv flat is 
told hv R. E. English. an amateur vears 
ago who is now a professional. Can von 
imagine an ontical surface aceurate to ane 
five-millionth of an inch? We have his 
word for it and he can hack jt nn. His 
article makes certain that the reader un- 
derstands all the operations. He gives 


valuable pointers on the pitch and the 
proper hardness for it, the size and weight 
of the tool, and how to reduce zones that 
are concave or convex. This article alone 
is worth the price of the book, offering a 
golden opportunity to any person who is 
willing to get started in making flats. 
This would make a wonderful project for 
an amateur group. Flats are being used 
more each day to replace prisms in certain 
optical instruments. 

We all recall the name of Fred B. Fer- 
son, who so generously assisted Uncle 
Sam during World War IT by his ability 
to perfect Amici roof prisms, which were 


so much in demand. He and Peter Lenart, |! 

















Chicago Rocket Society 
WE discuss 


problems of space flight 

publish the 
JOURNAL OF SPACE FLIGHT 
COLLECTED TECHNICAL 

REPORTS 

ROCKET ABSTRACTS 

review current developments 

YOU are invited 

to attend our meetings 

to join our society as en active 
or an associate member 

to write our secretary for infor- 
mation: Joyce Blakeslee, 7050 
Merrill Avenue, Chicago, III. 























THE MODEL B SPITZ PLANETARIUM is new 
modern . . . up to date in conception, design, and 
manufacture . . . fulfilling in a completely satisfactory 
manner every requirement for a major planetarium 
installation ... 








BUT 

the projector, while important, is only one part of 
the problem that faces the prospective purchaser and 
operator of a large planetarium. 

The Spitz Laboratories staff is prepared to offer every type of 
service in planetarium planning, financing, construction, and 
operation. We have had many years of experience embracing 
every problem of the world’s largest and smallest installations. 


SPITZ LABORATORIES, Inc. 


Elkton, Maryland 


Telephone: Elkton 666 
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Astronomy Films 


16-mm. sound, 400-foot reels 


Reel Subjects 
I THE SUN 
II THE MOON 
III THE SOLAR SYSTEM | 
IV THE MILKY WAY 


V EXTERIOR GALAXIES 


Narration by Dr. Ruroy Sibley. 





Highly commended by Visual Aid 

Departments, Film Libraries, 

Schools, Colleges and Educators 
throughout the country. 


Corresponding Slide Strips 
available. 


International 
Screen Organization 


609 PHILADELPHIA AVENUE 
WASHINGTON 12, D. C. 








REVOLVING PLANISPHERES 
for Northern Hemisphere 





Showing the Principal Stars 
Visible for Every Day 
in the Year 


These perpetual star maps are the best 
aids to the amateur astronomer in identi- 
fying major stars and constellations. En- 
tirely new in design, each planisphere 
measures 10 inches in diameter and con- 
sists of a board disk on which are shown 
the stars and constellations, together with 
the months and days, and a transparent 
plastic disk bearing the hours. The plastic 
disk revolves on the board disk, and in- 
corporates a mask so that only the stars 
visible at any hour can be read. 


Price... $3.50 


> 


postpaid 








OPTICIANS 
Helping Sight & Hearing Since 1875 | 
520 Fifth Ave., New York 36, N. Y. | 





Jr., write on the production of lenses, 
from a one-piece affair such as an amateur 
might make in a hobby shop to what pro- 
fessional shop men fabricate on a pro- 
duction basis, taking into consideration 
not only precision but also general oper- 
ational costs. Drawings, photographs, and 
sketches in this article will greatly assist 
those for whom lens work is a new under- 
taking. The full explanations are based 
upon the more recent methods, and in- 
clude some brand-new tests. Ferson’s rise 
from amateur to advanced and then into 
proves that opportunities are 
always present, if one can recognize them. 

Irvine C. Gardner gives us directions 
for constructing an optical spherometer for 
measuring strong curves on small lenses 
like those used in eyepieces. In another 
chapter, Horace H. Selby clearly explains 
the functions and designs of eyepieces. 
He gives a set of diagrams of 91 telescopic 
eyepiece systems, and for 39 of these he 
tabulates specifications. 

The G-sum method for designing tele- 
scope objectives is described by Alan E. 
Gee, and here the reader will refer to his 
algebra. While his method goes into more 
detail than those by Ellison and Haviland 
(in earlier books of the A.T.M. family), 
it allows control of both spherical aber- 
ration and coma. With little more trouble, 
we can have the assurance of making a 
better objective. Designing an objective 
lens with ray tracing methods is described 
by James H. Wyld. He removes the deep- 
rooted fear of formulas and leads the tyro 
by the hand, explaining every detail in 
simple language, and presenting sample 
work sheets. 

Hitherto, literature on binocular con- 
struction and testing has been rare. We 
are now given first-hand information by 
(;. Dallas Hanna, whose group in World 
War II was assigned by the U. S. Navy 
the reconditioning of 6,000 pairs of binocu- 
lars. His clear account tells us practically 
to be known about 


business 


everything that is 
these instruments. 





Hanna contributes another article op 
the separation of grits, whose tendency 
to form into small lumps causes much 
trouble in mirror and lens making; this 
method removes that enemy known to 
all of us as “scratchitis.” He says, “We 
use our abrasive alongside roughing mills 
and never take any precautions such as 
taking a bath before fine grinding, yet 
it has been so long since any of ys 
has had scratches on glass that we have 
forgotten.” To do the trick Hanna de. 
scribes, you need only a glass funnel, 
a large bottle, a tray to catch overflow, 
some glass tubing, and a solution of water 
glass. 

C. R. Hartshorn’s account of the Bar- 
low lens should create much enthusiasm, 
Most of us have looked into an eyepiece 
when a Barlow lens was inserted between 


it and the objective or diagonal, and have | 


realized that the combination is far supe- 
rior to the simple ocular alone. Complete 
instructions are given, so that the average 
amateur will not find it too difficult to 
construct and assemble a Barlow. These 
lenses can be bought commercially, but 
designing and making the lens yourself 











The British 
Astronomical Association 


Founded 1890, now 2,000 members 
Open to all interested in astronomy 


Chief objects are mutual assistance in ob- 
servation, and circulation of astronomical 
information. Publications: Journal, about 
8 times yearly; annual Handbook; Circu- 
lars giving astronomical news; Memoirs 
of the Sections (Sun, Moon, Planets, Com- 
ets, Aurorae, Meteors, Variable Stars). 
For further particulars write 
The Assistant Secretary, B.A.A. 


303 Bath Rd., Hounslow West, 
Middlesex, England 
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Unitrons in Action 


This 3-inch UNITRON Refractor was an out- 
standing attraction at the Chicago Hobby Show. 


Unatted Scceutific (Ze. 


SEE the 
outside 
back cover 
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Chicago, [Ill., March, 
1954: The Burnham As- 
tronomical Society at- 
tracted large numbers 
of interested visitors to 
its booth at the Hobby 
Show held in the Coli- 
seum. Chicagoans wel- 
comed this opportunity 
to learn more about As- 
tronomy, which is one 
of today’s fastest grow- 
ing hobbies. 


In this photo, UNITRON 
owner Willard. E. Robin- 
son shows his 3-inch 
Altazimuth Refractor to 
the Rev. Baxter Mow 
and to Frank Goodwin, 
vice-president of the So- 
ciety and manufacturer 
of the Goodwin Resolv- 


ing Power Lens. 
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will materially reduce the cost and will 
give you the satisfaction of personal ac- 
complishnient. I highly recommend this 
chapter aid hope that many will follow 
its directions. 

The construction of two amplifiers for 
use with a stellar photoelectric photom- 
eter is described in much detail by 
Gerald E. Kron. One is battery-operated 
and the other uses house-lighting current. 
Making an inexpensive photometer is 
also explained. 

No fewer than seven articles deal with 
yarious aspects of Schmidt cameras. There 
isa noteworthy contribution by Henry E. 
Paul on their design and construction, 
which includes a valuable method for 
testing deep spheres. Six chapters are 
reprints of standard articles, of which 
one is a translation of Bernhard Schmidt's 
own classic paper of 1931-32. Another 
is Paul G. Hodges’ biographical account 
of Schmidt, which is enjoyable reading. 
This gifted and eccentric man, who had 
only one hand, worked always in a 
cutaway coat and striped trousers. His 
method of grinding and polishing the 
correcting plate was the work of a genius. 

Mirror makers will be interested in 
Irvin H. Schroader’s account of the caustic 
test, which can be applied to short-focus 
and aspheric mirrors, and is sensitive to 
1/100 wave length. This method, a re- 
finement and modification of the familiar 
Foucault knife-edge test, utilizes the 
generally overlooked fact that center of 
curvature of an off-axis area of a parab- 
oloid does not lie on the axis, but on 
the caustic curve. 

Another chapter by Selby is entitled, 


“Optical Bench Testing.” This should aid 
greatly that person desiring to construct 
this piece of equipment for his own par- 
ticular use. It is highly recommended 
for a shop project, as an optical bench 
is constantly needed for testing lenses 
for systems which the average amateur 
desires to make. The bench affords 
a means for putting those lenses to work, 
instead of cluttering up the storage com- 
partments in the shop. 

James W. Shean leads us into another 
field that will be new to many. Ever try 
to make a lens usable for photography? 
Here is where the reader gets the inside 
dope on elementary camera lenses. 

At the close of the book, six pages 
in Albert G. Ingalls’ editor’s chapter 
describe various kinds of optical glasses 
and give detailed hints on how to pro- 
cure optical glass from the manufacturers. 
This chapter also carries short biog- 
raphies of the contributors, with photo- 
graphs of many of them; this will in 
a way make us feel more closely related 
to one another. 

Amateur Telescope Making, Book Three 
covers too much ground for any one 
reader to master, and consequently no 
one can turn to it without finding some- 
thing new. The book is in easy-to-read 
language, and the mathematics in it will 
not deter anyone interested in optical 
work. This valuable reference should be 
on the bookshelf of every optical shop, 
from the amateur’s cellar workbench to 
professional establishments. 

LEO N. SCHOENIG 
Amateur Astronomers Association 
Pittsburgh, Pa. 
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OBSERVATORY DOMES 


For the Professional and Amateur Astronomer 


University Model — Astronomical Observatory Dome 
All domes are engineered to meet your specific requirements. We 
offer domes of various types of construction and of a wide selection 
of materials, up to 50 feet in diameter; and we include ample facili- 
ties for their erection at your observatory. 
For the amateur with a limited budget we offer our Astro-Dome Kits. 
Complete prefabricated observatory domes suitable for amateur in- 


These kits start at $650.00 f.o.b. Canton, Ohio. 
for Bulletin M for complete information. 


ASTRO-DOME MANUFACTURING, INC. 
1800-1806 Wallace Avenue N.E. 


Write 


Canton, Ohio 




















SAFETY SUN FILTERS 


The SAFE AND SANE way to look at the 
sun—use our Special Safety Sun Filters. Each 
one is 50 mm, (2”) diameter and 2 mm, 
(1/16”) thick; polished flat on both sides. 
This Special Safety Sun Filter can be used 
in any of the following three ways: 
1. View the sun directly by looking through 
filter with unaided eyes. 
2. Place filter at the eyepoint of the ocular 
and observe with any power after limiting the 
objective (with a diaphragm) to less than 2”. 
3. Use filter as a limiting diaphragm in 
front of the objective of the telescope. 
For Winter sunlight use #WF12 
For Summer sunlight use #SF14 

Only $2.00 each or $3.00 per set of 2 (con- 
taining one of each of above). 


BARLOW LENS 
Read what Mr. R. A. Gibson of Nutley, N. J., 
says: 
“You may be interested in knowing of the 
excellent results I am obtaining with the 
Negative (Barlow) Achromatic 144x lens. 

“IT have a 6” telescope using one of your 
(Ross) mirrors. I get a magnification of 300x 
using a 14” eyepiece. With this combination 
I get excellent resolving power. By adding 
the Barlow lens to the 14” eyepiece, I obtain 
a magnification of 450x with equally good re- 
solving power. 

“When viewing Jupiter with this latter 
combination, I get good planetary detail.” 
Magnification factor 1144 times. Little loss of 
light. Minimum astigmatic distortion. Achro- 
matic negative lens in aluminum mount; 
1-1/16” diameter; minus 12” f.1. Outside sur- 
faces fluoride coated............. $2.00 each 


POLAROID 


Experiment with polarized light. Get two 
pieces of genuine polaroid mounted in optical 
glass 3” diameter (72 mm.), 3 mm. thick, 
that can be used in photography, petrology, 
physics, chemistry, astronomy,  ete., with 
instructions and suggestions for use. 

2 for $2.00 Postpaid 


ACHROMATIC TELESCOPE 
OBJECTIVE 


Genuine U. S. Gov't. surplus. Scarce as hen’s 
teeth. The supply is strictly limited. 
Unmounted, cemented, the finest quality achro- 
matic telescope objective. These are not re- 
jects. Double convex —can be used with or 
without the prism inverter. 
Outside diameter, 1-7/8” (48 mm.) ; E.F.L. 30” 
(765 mm.) Each $5.00 plus 25c P.P. ins. 
Mounting for Above Telescope Objective 
Each $1.00 plus 10c P.P. 


See the Spectra of the Stars 
It’s simple — very inexpensive. Use our 15° 
wedge prism of crown glass and your own 
finder telescope. Information sent with each 
prism, Crown glass, unmounted prism 40 mm, 
square (1-5/8”). Each $4.00 Postpaid 


TELESCOPE PLANS 


Complete detailed plans and specifications to 
make the four wonderful Newtonian telescopes 
first described by Mr. J. V. Lawrence in the 
June, 1953, issue of “Sky and Telescope.” 
Blue-prints, diagrams, work sheets, bill of 
materials, photographs of finished parts are 
included. Every needed help to make each 
size of telescope you may choose — 3” or 4” or 
5” or 6” —is in this one booklet. 

Only 50c Postpaid 


STAR FINDER TELESCOPE 


Uses a very fine objective and eyepiece. No 
crosshair. High eye relief. 6 power. Weight 
2 Ibs. 10 oz. Diameter 214” by 12” long. Com- 
plete with optics. $30.00 plus postage 


FINDER BRACKETS 
Brass rings 2%” inside, with three centering 
set screws set in circumference, have feet at- 
tached which can be secured to outside of 
telescope tube. Per set of 2 ........ $5.00 


CROOKE’S RADIOMETER 
Once again we are able to supply an American 
made radiometer, for demonstrating radiant 
heat. Consists of an exhausted glass globe 
in which is mounted a freely rotating four- 
arm vane, black on one side and bright on the 
other. Radiant heat striking the vane makes 
it revolve in such a direction that the blackened 
surface is always retreating. The velocity of 
rotation depends roughly on the energy re- 
ceived. An excellent demonstration instru- 
ment. Guaranteed to operate. Each $6.50 


Include Postage — Remit with Order 
No open accounts — No C.O.D. 
Send 30c for “Know-How” Catalog 


HARRY ROSS 


TELESCOPES MICROSCOPES 
Scientific and Laboratory Apparatus 
70 West Broadway, Dept. ST-5C 
New York 7, N. Y. 
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UNUSUAL OPTICAL BARGAIN 
ECLIPSE pemareptatraagtg yk 











EASILY A 1 $100 VALUE... 


NEVER BEFORE SUCH A | / DOUBLES USEFULNESS °f...2u" 


FINE QUALITY INSTRUMENT 






































AT SUCH AN AMAZING LOW PRICE This imported STAR ee gine gi 
“must” for observing the eclipse — will open These Huygens-Type Astronomi- 
i 5 aie AND 3 CYLINDRICAL whole new fields of fascinating exploration and cal Eyepieces will thread to 
FLINT GLASS LEN: research. Study cosmic physics! Determine our Star Spectroscope, Standard 
the chemistry of stars! Detect invisible gases 114” outside diameter. 
thru dark-line spectra, Direct vision. 5 prisms. Stock # F.L.  , Patpd. 
3 cylindrical lens caps. Threaded to fit our Hy ig ‘am Of) $7.50 
Huygens-type astronomical eyepieces (as listed (W s — 
é ith Stock #30,065-Y you have 
Eve to right) or you can adapt to your own eye- a choice of 2 powers by rear- 
sce. Unit is 234” long, comes in protective : ; ; : 
EVE PIECE DISCS, 4 ranging lenses. Directions in- 
STAR velvet-lined case. cluded. Chrome and black finish.) 
Stock #50,023-Y .. Star Spec. .. $32.75 Pstpd. 





YOUR TELESCOPE SPECTROSCOPE 


M MAKE YOUR OWN! 
eee 40X-B0X ASTRO- TELESCOPE 


Toys We Have Ever Offered! Save real money — bought complete would cost much 
more! Here’s a telescope-making kit designed es- 
pecially for the amateur who doesn’t want to spend 








Designed by Armand Spitz, world-famous maker of the Spitz 
Planetarium. Projects nearly 400 stars, more than 70 constellations 






































in their correct relationships. Use it in any darkened room of the an excessive amount of time making his telescope. 
house, project it on walls and ceiling. No batteries, works on Kit contains completely assembled eyepieces in holder 
ordinary household current. Two simple adjustments that show with spiral focusing tube and sun filter; objective 
you the sky as it appears from any point in the Northern Hemi- lene at The ti adi ith P 1 b a 
sphere . . . for any time of night . . . for any month of the year! eee Oe Senne Chee | Weamen | nee ee cee 
Rheostat control for brightness. lock. Eyepieces with interchangeable lenses to give 
A 32-page book included free of extra cost. Contains valuable 40X and 80X. Achromatic objective lens, color cor- 
information about the stars, provides easy identification of the rected. Clear diameter of objective lens 39 mms. 
constellations. E.F.L. approximately 39 inches. Complete assembling 
About 14” high on a 7” x 7” base. Projection sphere 7” diameter. directions included. 
Weight 8 lbs. Stock #70,041-Y 19.50 Postpaid 
ROT RMIT TT TS .. ++ $13.95 Postpaid # $ . 
LOOK AT THESE OTHER WONDERFUL EDMUND TELL MOUNTED — 
TELESCOPE HOLDER — Threads into any stand- HEIGHT- BARLOW LENS 
ard camera tripod. Any diameter telescope up to = 
3” easily and firmly attached by means of sturdy FINDER Short Focal Length 
straps with convenient tightening buckles. Full OBJEC- E.F.L.: —1.74+0.01 inches 
swivel. TIVES CLEAR APERTURE: 0.96” 
rrr eee $3.50 Postpaid War surplus 0.D. OF CELL: 1-3/16” 
= seer oars ST $100 Value! A negative achromat called 
FOCUSING EYEPIECE MOUNT PRECISION a Bartow lens is weed to eon- 
Made of brass. Will take a HEIGHT- vert your astronomical ob- 
standard 114” outer diameter FINDER jective — lens or mirror — 
<, eyepiece. Will fit tubes from 8” AIR-SPACED into a telephoto system. Thus 
dia. upwards by changing thickness of wooden ACHROMATIC a variable-power astr 1 tel is obtained. 
te ge Spiral focus travel 1-9/16”. Easily at- OBJECTIVE The great advantage of this system ‘is thet higher 
taches to your telescope with 4 screws and nuts Mounted in powers may be obtained without resorting to very 
Stock #£50,019-¥ .......ccsseeeee $7.95 Postpaid metal cell, L— short focal length eyepieces or very long and cumber- 





Excellent for collimators or telescope some telescopes. 

TELESCOPE EYEPIECE — Consists of 2 Achro- objectives. These top quality objectives Our Barlow lens is well made, finely corrected #0 

matic lenses F.L. 28 mm. in a metal mount. were used in the army’s $12,000.00 that no image deterioration is sustained. Short focal 

St MMI scnietcocosae sss. $4.50 Postpaid Heightfinder. Made obsolete by radar, length allows the lens to be used closer to the primary 

Same as above bat about 134” extension has been they have been subjected to very little focus, thus making it convenient to use as part of the 

added with O.D. of 114”, which is standard for use. Color corrected. 64 mms, (2-9/16”) eyepiece system. Short focal length also insures that 
ectrenemion! telescopes. in diameter. 18.2” focal length, Per- the total length of the telescope will not be increased 

fectly matched pairs an impracticable amount. 























Stock #522 osecesccesoces ++. $5.25 Postpaid Digslade , 
# $ — — tt yp wed ..++ $50.00 pair Pstpd. Direction sheets on eee and the mounting of the 
urchased singly, Barlow lens are available. 
Roti ne Stock #70,037-Y .... $25.00 each Pstpd. Stock #30,140-Y .................. $15.00 Postpaid 
Cast aluminum with brass 30X TELESCOPE 
mounting and adjusting with Tripod Be Sure To Get FREE CATALOG “Y” 
screws and mirror clamps. Bargain! Imported! Fo} If you haven’t seen our big, FREE Catalog, you don’t know what you're 
Two sizes: for 6 SerETOrs cuses from 40 ft. to in-| missing. Fantastic variety — never before have so many lenses, prisms, 
— mount will fit 7” ID. | finity. Achromatic ob-+| optical instruments, and components been offered from one source. 
tube: jective. Lens erecting] Positively the greatest assembly of bargains in all America. Imported! 
Sods BO,O1O-Y ....ccccccccvees $7.00 Postpaid system. Leth. 2644”. War Surplus! Dozens of other hard-to-get optical items. Write teday 
For 43%” mirror — mount will fit 5” I. > tube: Stock #70,018-Y for FREE CATALOG “Y”. 
Stock #50,011-Y ..........+++++- $5.25 Postpaid $21.95 Pstpd. 








ORDER BY STOCK NUMBER... SEND CHECK OR MONEY ORDER... SATISFACTION GUARANTEED! 


EDMUND SCIENTIFIC CORP., BARRINGTON, NEW JERSEY 
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GLEANINGS 


FOR ATM’s 


EDITED BY EARLE B. BROWN 


Nores ON Basic 


OST of the elementary aspects of 
our topic have been covered, and 


are ready to go on to what many 


we 
readers may consider more interesting 
matters. Coming installments will dis- 


cuss the synthesis of optical systems, and 
show how the reader may apply the facts 
disclosed in earlier sections to plan an 
optical system for a specific useful pur- 
pose. After that, we will learn why 
lenses, prisms, and mirrors possess the 
properties they do, and will discuss optical 
aberrations and the actual design of the 
optical components themselves. 

3efore we do so, however, it will be 
worth while to consider a few terms and 
concepts that we will be using. 


H. Some Matters of Terminology 


1. Relative aperture known as 
aperture ratio or focal ratio). A very con- 
venient term is relative aperture. It tells 


UNITRON 


TELESCOPE 
COMPONENTS 
ALL of the components offered below | 
| 


(also 











are identical to those used as standard 

equipment in UNITRON Refractors, 

and are therefore of the finest quality | 
and workmanship. For a complete | 
listing, including optics, write for | 
Bulletin TCA. Additional items will be | 
offered as rapidly as conditions permit. | 


VIEW FINDER: 42 mm. (1.6”) coated ach- 
romatic air-spaced objective. 10x eyepiece with 
crosshairs. f/6. Duraluminum tube finished in 
white enamel. Dewcap. Furnished with mount- 
ing brackets with centering screws for collima- 
tion. This finder also makes an excellent hand 
telescope for spectacular wide-field views of 
the sky. Only $18.00 postpaid | 


VIEW FINDER: As above but with 30-mm. 
(1.2”) coated achromatic objective and 6x 
eyepiece with crosshairs. Only $10.75 postpaid | 


VIEW FINDER: 23.5-mm. (.93”) achromatic 
objective. 3x eyepiece with crosshairs. 
Chromed brass tube. Mounting brackets with 
centering screws for collimation. ; | 

Only $8.50 postpaid | 


PHOTOGRAPHIC GUIDE TELESCOPE: 
62-mm. {2.4”) diameter, 700-mm. (27.5”) focal 
length, coated, air-spaced, eet a objective. 
78x (9-mm.) achromatized Ramsden eyepiece 
with crosshairs. Duraluminum tube finished 
in white. Deweap. Rack-and-pinion focusing. 
Mounting brackets and centering screws for 
collimation. Fitted wooden cabinet. 

Only $75.00 f.o.b. Boston 


SUN PROJECTING SCREEN APPARA- 
TUS: White metal screen with matching black 
metal shade. Chromed brass extension rod with 
mounting brackets. 

Complete set with screen 6” x 6” 

Only a 50 postpaid 
Complete set with screen 7” x 

Only 315. 75 postpaid 


EQUATORIAL MOUNTING and TRIPOD: 
Complete with slow-motion controls for both 
declination and R, A., setting circles and 
verniers, and many other features. Write for 
complete description. 

Above as used on UNITRON 3” eae 





Above as used on UNITRON 4” eos 


(These prices are f.o.b. Boston) 


SEE the outside back cover 


United S > ctentigie [Ze 


206 MILK STRE 





Optics — VII 

us whether a lens is weak or strong, is 
likely to give us trouble with aberrations 
or not, is going to be complex and ex- 
pensive or simple and cheap; whether it 
will require special design or if any avail- 
able lens will do the job, and often wheth- 
er or not the design is outside reasonable 
bounds. 

The relative aperture of a lens or mirror 
is defined as the aperture (or entrance 
pupil, for an optical system) expressed 
as a fraction of the effective focal length. 
It is written as a fraction, for example, 
f/3.5, {/12. In the first case, the aperture 
is 1/3.5 of the focal length, in the second 
case it is 1/12 of the focal length. 

The f/number, which may be used to 
describe the same characteristic of the 
lens, is the denominator of the fraction 
that expresses the relative aperture. Thus, 
the two lenses just mentioned have f/num- 
bers of 3.5 and 12, respectively. 

Often a lens with a large relative aper- 
ture (small f/number) is called a fast lens; 
one with a small relative aperture is a 
slow lens. This idea of the speed arises 
from consideration of camera lenses: 
small f/numbers permit short exposures, 
hence such lenses are fast; larger f/numi- 
bers require longer exposures. 

This can be seen by considering a lens 
that forms an image of an infinitely dis- 
tant object of appreciable angular extent. 
The size of the image is determined by 
the focal length. Suppose the relative 
aperture of a lens is £/6; then the aper- 
ture which collects light from each object 
point has an area of 7d2/4, where d = f/6, 
and f is the effective focal length. Hence 
the light-gathering area is 7f2/144, 

Suppose we increase the relative aper- 
ture to f/3, keeping the focal length the 
same. The new aperture will gather more 
light, but the image size will remain the 
same; therefore, the image is brighter 
than before. Since d becomes f/3, the 
light-gathering area is 7f2/36, or four 
times the previous value. Thus, only one 
quarter of the previous exposure will be 
required; that is, an f/3 lens is four times 
as fast as the f/6 lens. 

The iris diaphragm of a camera is pro- 
vided to permit changing the relative aper- 
ture, and the diaphragm control is marked 
accordingly. It is common practice with 
cameras to mark the relative apertures 
(stops) in numbers that increase by fac- 
tors of the square root of 2. If this is 
done, the exposure between any two stops 
is either halved or doubled, depending on 
whether the aperture is increased or re- 
duced. 

In recent years, there has been a tend- 
ency toward the setting of camera aper- 
tures in terms of “T” stops. These allow 
for the lack of complete transmission of 
light by the lens (which in a complex 
camera system may be significant) and 
thus yield numbers more accurately com- 
mensurate with the required exposures. 

Phrases like “an f/3 lens” or “this lens 
is made to work at f/5” are useful, for 
they tell the reader in a general way much 
about the lens, in terms of complexity of 
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WAR SURPLUS BARGAIN 


PTICS 


! MOUNTED EYEPIECES ! 
SUPERIOR QUALITY! 
SUPERIOR WORKMANSHIP! 
THEY CAN’T BE BEAT! 
Have a large stock of precision war surplus 
lenses. Had them mounted in precision 14” 


outside diameter mounts. Result! You would 
pay 3 to 4 times more elsewhere. Our price 
can’t be beat. 

12.5 mm (14”) F.L. symmetrical eyepiece con- 
tains two cemented achromats. 
Coated lenses $6.75 Not coated $6.00 


18 mm (%”) F.L. symmetrical eyepiece con- 
tains two cemented achromats. 
Coated lenses $6.75 Not coated $6.00 


22 mm (27/32”) F.L. Kellner eyepiece con- 
tains cemented achromat and a_non-achro- 
matic lens, 

Coated lenses $6.75 Not coated $6.00 
32 mm (114”) F.L. contains a cemented achro- 
mat and a non-achromat. Not coated 50 


ACHROMATIC TELESCOPE OBJECTIVES — 
Perfect magnesium-fluoride coated and ce 
mented Gov't. Surplus lenses made of finest 
Crown and Flint optical glass. They are fully 
corrected and have tremendous resolving power 
and can be readily used with 4” F.L. eye 
pieces. Guaranteed well suited for Astronomical 


Telescopes, Spotting Scopes, etc. Gov't. cost 
approximately $100.00. 
Diameter Focal Length Each 


54 mm (2%”) 300 mm (11.811”) $12.50 


54 mm (2%”) 330 mm (18”)...... 12.50 
54 mm (2%”) 390 mm (15.356”).. 9.75 
54mm (2%”) 508 mm (20”)...... 12.50 
54 mm (21%”) 600 mm (23%”).... 12.50 
78 mm (3 1/16”) 381 mm (15”)...... 21.00 
81 mm (3 3/16”) 622 mm (2414”).... 22000 
83 mm (314”) 660 mm (26”)...... 28.00 
83 mm (314”) 711 mm (28”)...... 28.00 
83 mm (314”) 876 mm (34%4”).... 28.00 


1016 mm (40”)..... 30.00 
1069 mm (42 1/16”) 609.00 


83 mm (314”) 

110 mm (43¢”)* 

*Not coated 

We can supply ALUMINUM TUBING for the 

above lenses. 

Rectangular Magnifying Lens — Seconds, 
sells for $6.50. Size 2” x 4” 

First Surface Mirror 14x16" 14” thick. . 

First Surface Mirror 8”x10” 14” thick.. 4.25 


First Surface Mirror 4”x4” 14” thick. 1.50 
First Surface Mirror 114”x114” 1/16” thick -25 
Optical Peep Sight — Use as camera view- 


finder, ete. Dia. 1144”, weight 114 oz. ... $1.00 
LENS CLEANING TISSUE — 500 shots 114” 
x 11”. Bargain priced at only ....... $ e 


RIGHT ANGLE PRISMS 
8-mm face..ea. $ .75 28-mm face..ea. $1.75 
12-mm face..ea. .75 38-mm face..ea. 2.00 
23-mm face..ea. 1.25 47-mm face..ea. 3.00 


!!!NEW LOW PRICES!!! 


BEAUTIFUL IMPORTED BINOCULARS 
Precision made, at a low low price within the 
reach of every man’s pocketbook. Complete 
with carrying case and straps. 


6 x 15 Ind. Focus .. Coated ..... $16.00* 
8 x 25 Center Focus ............. 23.30* 
S x 0 Center Fueus 2c ckcsccccecc 27.50* 


7 x 35 Center Focus .. Coated ... 41.50* 

7x 50 Ind. Focus .. 

7 x 50 Center Focus .. Coated ... 39.25* 

10 x 50 Ind. Focus .. Coated ..... 

16 x 50 Center Focus .. Coated ... 55.00* 
*Plus 20% Federal Excise Tax 





“MILLIONS” of Lenses, ete. 
Free Catalogue 











We pay the POSTAGE — C.O.D.’s you pay 
postage. Satisfaction guaranteed or money re- 
funded if merchandise returned within 10 days. 
691S Merrick Road 
Lynbrook, N. Y. 


A. JAEGERS 
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Telescope 
Mirrors 





Finest quality Pyrex mirrors, 
6- to 16-inch, aluminized and 
quartz overcoated. Elliptical 
Pyrex diagonals, minor axis 


1 to 21/. inches. 
Imperfect mirrors refigured 
Optieal specialties 
Each mirror figured by 
Thomas R. Cave, Jr. 


CAVE OPTICAL COMPANY 


4137 E. Anaheim St. 
Long Beach 4, California 











Photoelectric 
IMAGE CONVERTER 


Converts invisible infrared light col- 
lected by your telescope to visible green 
image, enabling you to study celestial 
objects by their long wave-length radia- 
tions. See article by A. G. Smith, p. 
323, Sky and Telescope, October, 1953. 
Complete, ready to use, with power supply, 
cables, image tube (which may have very 
minor imperfections not seriously affecting 
performance), infrared filter, and mount- 
ing tube. Fits over eyepiece holders of 
2” O.D. or less. 115 volts, 60 cycles. 


Price $87.50 f.o.b. Boston, Mass. 


Quantity limited. Send check or 
money order or write for more information. 


INDUSTRIAL SCIENTIFIC CO. 


22 Elmore Street, Arlington 74, Mass. 








New Low Prices on PYREX 
Reflecting Telescope Kits 


The most complete kits 
on the market. 





In addition to the usual supply of 
abrasives, rouge, etc., you get the 
new, fast-polishing cerium oxide to 
save hours of work. 

You can get a brass diagonal 
holder (spider) for only $1.00 addi- 
tional if ordered with a telescope kit. 
Prices quoted below are for a Gen- 
uine Pyrex telescope blank and a 
plate glass tool. 


PYREX MIRROR KITS 


Diameter Thickness Price 
4l/,” 3,” $ 5.50 
6” ” $ 8.00 
8” 1,” $11.00 
10” 13,” $19.00 
121/,” 21/4” $35.50 
PLATE GLASS KITS | 
6” 1” $ 5.50 
bid tg $ 6.75 
8” , $8.00 || 
PRISM .. 61/2” long, 1%” face .. $3.25 || 
PRISM .. 51/2” long, 11/2” face .. $1.85 


Postage Paid to Ist and 2nd postal zones from 
N. Y. Add 5% 3rd and 4th zones, 10% 5th 
and 6th zones. Add 15% 7th and 8th zones. 


Send for free catalog of optical supplies. 


DAVID WILLIAM WOLF 


74 Hunnewell Ave. Elmont, L. I., N. Y. 
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design, number of individual components, 
aberrational performance, cost, space re- 
quirements, and the like. The effect of 
relative aperture on these characteristics 
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can probably best be visualized by a look 
at some camera lenses. Such lenses must 
be well corrected, of course, to render a 
sharp image on a flat focal plane. 

Even a simple pinhole will give a fairly 
sharp image if its relative aperture is of 
the order of £/300. A single positive 
meniscus lens works quite well in box 
cameras (although not perfectly, by any 
means) at about {/16. The three-element 
Cooke triplet (Fig. 24A) is used at rela- 
tive apertures up to about f/5. 

The Tessar (Fig. 24B), a modified trip- 
let with a doublet rear element, by 
Rudolph, is satisfactory at f/3.5. In Fig. 
24, C and D, examples of an excellent 
f/2 lens, the Ultron by Tronnier, and an 
f/1.5 lens, the Sonnar by Bertele, indicate 
the number and form of the components 
required to maintain image quality with 
aperture ratios. 


these large 


Telescope objectives need not cover 
such large fields of view as camera lenses. 
A simple doublet objective will give al- 
most perfect imagery at f/15; for small 
telescopes such as finders, binoculars, and 
sighting doublet objectives are 
quite satisfactory at f/8, and in many in- 
stances may be acceptable up to f/4. The 
amateur telescope maker well knows that 
at ratios longer than f/10 a 6-inch mirror 
need not be parabolized; a spherical mir- 
ror is equivalent to a single positive lens. 

Wide-field eyepieces can be designed to 
give good performance at {/6; for a more 
restricted field, as in rifle scopes, the aper- 
ture may be increased to f/4 without sig- 
nificant loss of quality. 


scopes, 


In the case of microscopes, a slightly 
different measure is used: numerical aper- 
ture. Two factors make the change neces- 
sary. Microscopes do not work at in- 
finite object distances, and often they 
make use of immersion objectives, where 
the space between the specimen and ob- 
jective is filled with a liquid of rather 
high refractive index. The numerical 
aperture is defined as n sin 6, where n 
is the refractive index of the immersion 
medium (unity for air), and @ is the half 
angle of the aperture as seen from the 
specimen. 

For all practical purposes, we may con- 
sider that the numerical aperture is the 


\ Fig. 24. In these dia- 
grams, crown glass is in- 
dicated by hatching from 
upper left to lower right; | 
flint glass, lower left to 
upper right. 
ters from the left in each 
case. Four camera lens 
systems are shown, A: 
Cooke triplet; B: Tes- 
C: Ultron; 
D: Sonnar. 


reciprocal of twice the f/number. Micro. 
scope objectives with a numerical aper- 
ture of 0.25 (f/number = 2) are relatively 
simple, usually consisting of a pair of 
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BIG BARGAIN! 


TELESCOPE MIRROR POLISHING 
KIT MP-1 | 
With More Than Enough Material To 
Grind and Polish a Reflector 
Telescope Mirror. 


ELIMINATE ROUGHING IN YOUR 
OWN CURVES! 

NO ROUGH EMERY REQUIRED! 
KIT CONTAINS: Mirror Blank and Glass 
Tool (Curves Roughed in both) ; Templates; 
Complete Assortment Emeries packed in 5 
sealed cylinders; ample quantity optical 
polishing pitch; fast polishing cerium oxide; 
detailed instructions with diagrams; inspec- 
tion lens for examining mirror, and one alu- 
minized diagonal. Our Kits contain blanks 
with curves generated. 


KIT ) PLATE 4” $4.50 PYREX 8” $14.00 
SIZES lprare 5” 7.00 PYREX 10” 25.00 
-ES | PYREX 6” 9.00 PYREX 12” 40.00 


We Ship Express Collect Anywhere 
Send Check with Order or C.O.D, 
Complete Satisfaction or Money Refunded 
Send for 1954 Catalog — Listing Complete 
Telescope Kits and Accessories 


ESCO PRODUCTS 


Dept. S-2, 1428 Willow Ave., Hoboken, N.J. 
If in New York Phone: HOboken 3-6845 


Visit our Showroom — Open Sat. until 3 P.M. 
134 West 32nd Street, New York 1, N. Y. 




















UNITRON 


An owner reports... 


“Last night the weather gave me a 
chance to really try out my UNITRON 4” 
Altazimuth Refractor. The telescope is all 
you said it was, and more. I cannot find 
words to express my thanks for the won- 
derful evening the UNITRON afforded me. 
I saw the moon as I never thought I could 
see it through a small telescope, just as 
clearly as the photographs of large observa- 
tories show it. The resolving power of your 
telescope is truly fine. Jupiter was wonder- 
ful; I saw detail on it I have never seen 
in photographs in books. Also the Great 
Nebula in Orion—wonderful. I have tried 
all the tests suggested in books for tele- 
scopes and was pleased with the results of 
all of them.” R. K., York, Pa. 


SEE the outside back cover 
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Complete Telescopes 
and 
Supplies 


Ramsden 
Eyepieces 
Combination 
Eyepiece and 
Prism Holders 
Mirror Cells 
Finders 
Equatorial 
Mountings 
Prisms 


Send for a 


price list 








Cc. C. YOUNG 


é 25 Richard Road, East Hartford 8, Conn. 











EVERYTHING FOR THE 
AMATEUR 


TELESCOPE 
MAKER 


OUD: -scscscccsedzassvacscas asees $4.50 and up 
ALUMINIZING 


Superior Reflecting Surface, Fine Finish, 


Will not Peel or Blister. Low Prices. 

Mirrors Prisms Send for 
Tested Eyepieces Free 
Free Accessories Catalog 


MIRRORS MADE TO ORDER 
SEND FOR FREE PRICE LIST 
We have been supplying amateurs 

for over 33 years. 


Precision Optical Supply Co. 


1001 E. 163rd St., New York 59, N. Y. 
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BERAL COATINGS 


The following prices now apply on BERAL 
coatings for telescope mirrors: 


3” diam. $2.50 8” diam. $4.50 
4” diam. = 2.75 9” diam. = 5.50 
5” diam. 3.00 10” diam. = 6.50 
6” diam. 3.50 11” diam. 8.50 
7” diam. 4.00 124%” diam. = 9.75 


All prices f.o.b. Skokie, Il. 
Minimum order $2.00 

coatings are not overcoated with 
quartz or silicon monoxide. They 
no chromium, and as a result they 
easily removed without danger of 
harming the glass supporting surface. The 
efficiency of BERAL coatings is uniformly 
higher, so that mirror performance is at its 
est 


LEROY M. E. CLAUSING 
8038 MONTICELLO AVE. SKOKIE, ILL. 


BERAL 
fluorides, 
contain 
can be 

















PAY FOR THEMSELVES 
IN ONE HOUR! 


Cycad optical polishing pitches and 
beeswaxes do twice as much polish- 
ing per hour as conventional pitch 
or wax laps. Commercial, profes- 
sional, and amateur producers of 
polished optical glass can save pro- 
duction time and money by changing 
to these new fast-polishing laps: 


CYCAD OPTICAL PITCH 
CYCAD OPTICAL BEESWAX 


| 


Hard or Soft grade optical pitch .. $2.10 
per pound 
Optical grade beeswax ............ $2.65 
per pound 


All prices delivered U.S.A. 


CYCAD PRODUCTS 
Box 51, Crystal Lake, Illinois 
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achromatic doublets. For larger numeri- 


cal apertures the construction becomes 
more complex. Dry objectives cannot 
have numerical apertures greater than 


unity, since 8 cannot exceed 90°, but 
numerical apertures of 1.2 and greater oc- 
cur in immersion objectives. 


2. The diopter system is sometimes 
convenient when we deal with the relation 
of optical instruments to the eye, but this 
system should be avoided at other times. 
The diopter is a measure of the power of 
a lens. Since power is proportional to 
the reciprocal of the focal length, short 
focal length means a strong lens, long 
focal length a weak one. A lens with a 
focal length of one meter has a power of 
one diopter; one with 4%4-meter focal length 
has a power of two diopters, and so on. 

Evepieces of instruments often have a 
focusing scale marked in diopters. If the 
eyepiece is set at zero, this means that 
the final image that is viewed by the eve 
is located at infinity; when set at —2, 
the eyepiece forms a virtual image % 
meter in front of the eyepiece; when set 
at +2, the evepiece forms a real image 
14 meter behind the eyepiece. 

The relaxed normal human 
focused for infinity. To focus on an ob- 
ject at 10 inches, the near point of the 
normal young adult, requires a change 
in accommodation of 4 diopters. Defects 
in an optical system that require changes 
in accommodation of % or even 1 diopter 
are not usually considered serious. This 
is the normal criterion in establishing tol- 
erances on the performance of visual in- 
struments. 


eye is 


3. The mil system of angle measure-: 


ment is often very useful, especially in 


approximate calculations, for it allows 





The radian is 
1,000 mils. 
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1 RADIAN = ae 


problems to be worked out without resort 
to tables of trigonometrical functions. 

If an arc of a circle is equal in length 
to the radius, it will subtend a definite 
angle, the same for all circles regardless of 
size. This angle is called a radian, and 
it is approximately equal to 206,265 sec- 
onds of arc, 3,438 minutes of arc, or 57.3 
degrees. Since the circumference of a 
circle is equal to 27r, there are 27 radians 
in 360 degrees. 

One mil, defined as 1/1,000 radian, is 
equal to 3.438 minutes of arc; and 17.45 
mils equal one degree. It is obvious that 
the angle subtended by any object of size 
d, seen from a distance r, is simply d/r 
radians or 1,000d/r mils. This is, of 
course, true only for angles sufficiently 
small that the length of the arc is not 
measurably different from that of the 
chord. This relation is very closely cor- 
rect for angles smaller than about 50 mils, 
and is only % per cent in error for angles 
as large as 350 mils, or 20 degrees. 


(To be continued) 
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| 
| Optical Instruments including stand- 


| 
spaced objective corrected for most 


|j| cells; all are {/15, in the following 


| Prices range from $45 for the 2/2’ 








ASTRONOMICAL INSTRUMENTS 
OF QUALITY 


ard Telescopes and all accessories. 


ASTRONOMICAL OBJECTIVES 
For the most critical work in visual 
astronomy we have designed an air- 


| of the defects common to average 
objectives. These come mounted in 


sizes: 21", 3”, 4", 5", and larger. 


to $325 for the 5”. 
LABORATORY OPTICAL CO. 


Plainfield, New Jersey 

















THE MARK III 


Sidereal Telescope Drive 


Bodine Synchronous Motor, Automatic 
Clutch, R. A. Circle, R. A. Indicator, 
Sidereal Time Indicator, Lifetime Qual- 
ity, Precision Fabrication. 


Hour Angle Circles Converters 
Declination Circles - Ramsden Eyepieces 


— Highest Quality — 
PYREX TELESCOPE MIRRORS 
PYREX ELLIPTICAL DIAGONALS 
Write for free literature 


H & W OPTICAL CO. 


4358 Kenyon Ave., Venice, California 








Astronomical Supplies 


ORTHOSCOPIC OCULARS 
All hard coated 


$13.00 7 mm. $15.50 
4 mm. $16.50 











28 mm. 
16.8 mm. $13.50 
10.5 mm. $14.75 


Warranted to equal or surpass any 
oculars obtainable anywhere or money 
refunded. 


Mirrors, kits, castings, spiders, flats, 
focusing devices, prisms, aluminizing. 


Send for Catalogue. 


Jelescopics 


1000 N. Seward St., Los Angeles 38, Calif. 












BUILD YOUR OWN 
TELESCOPE 


KITS: Complete with instructions, high 
quality materials, supplied at low prices. 
Plate —$4.00 up Pyrex — $5.50 up 
Lenses Cells 
Prisms Eyepieces 
Mirrors ground to your order. 
Aluminizing — with the new 
Quartz Coating 
Satisfaction or Money Refunded 
Write for Free Catalog 
GARTH OPTICAL COMPANY 
130 Garth Rd. Scarsdale, N. Y. 
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BAUSCH 
& LOMB 


WALSGODE Si. 


Bausch & Lomb BALscope, Sr. is 
a highly precise, compact 60mm 
telescope. A deserved favorite for 
beginning astronomers, it also 
serves the advanced field as an 
adequate commercial version of 
a richest field telescope. Choice 
of four eyepiece powers as listed 
below. (With any of the three 
lower-power eyepieces, BAL- 
scope, Sr. is also an outstanding 
general observation terrestrial 
telescope.) 

















Eyepiece Exit Pupil Angular 
power diameter field 
15> 4.0mm 2°40’ 
20 X 3.05mm 2s" 
30 X 2.0mm 1°28’ 
60 1.0mm 0°33’ 

BALscope, Sr. with 15 X, 
20, 30X or 60 eyepiece $9 500 
Extra eyepieces, each........ 25.00 
Tripod adapter (permits use 
of BALscope, Sr. with any 
pan-head camera tripod)... 6.85 


WRITE for descriptive folder. Bausch 
& Lomb Optical Co., 25829 Lomb 
Park, Rochester 2, N. Y. 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


AN INTRODUCTION TO OBSERVING SATURN — I 


ATURN, as seen during its current 

opposition by anyone lucky enougu to 
have fair-sized telescope, 
presents one of the most striking sights 
in the heavens. It is a spectacle that 
has inspired many of the astronomically 
uninitiated to become better acquainted 
with the whole of the known planetary 
system. 

While an interesting view of Saturn 
may be obtained with a refractor as 
small as two inches aperture at only 25 
or 50 power, at least a 3- or 4-inch 
telescope, preferably with powers of about 
150 to 225, is needed to reveal some of 
the finer detail. Such a telescope shows 
a globe, somewhat flattened at its poles, 
shining with a yellowish light. On one 
half of the disk can be noted a prominent 
lighter equatorial zone, bordered by a 
darker belt; parallel to this are other half- 
visible belts, which may perhaps be traced 
up to the more dusky polar area. The 
other half of the planet’s disk is crossed 
by the feature that makes Saturn unique— 
the famous rings. At the present opposi- 
tion of the planet, a small telescope will 
show that the two concentric rings are 
divided by a very dark narrow line, called 
Cassini’s division after its discoverer, J. 
D. Cassini. 

The tilt of the rings changes from vear 
to vear, as the planet gradually swings 
one pole toward us, then the other, so 
that in turn the northern face of the 
rings is well exposed and then the south- 
ern face. Midway between these extremes 
the rings appear edge on, and because 
of their extreme thinness become briefly 
invisible in even large telescopes. When 
nearly edge on, the rings can be seen as 
a luminous line, extending on either side 
of the planet. The complete cycle of 
these changes is nearly 30 years, the 
period of Saturn’s revolution around the 
sun, during which the rings appear edge on 


access to a 


The 


twice. 


last such occasion 


was in 


September, 1950. At the present opposi- 
tion of Saturn it is the north side of 


the rings 


that we see, 


and they will 


continue to open until 1958. 
Opposition of Saturn occurs on April 

26, 1954, on May 9, 1955, and about a 

fortnight later in each succeeding year, 
Small telescopes will show several of 


Saturn’s 
can 


satellites. The 


be readily seen 


largest, Titan, 
in a 2-inch, and 


NUMERICAL DATA FOR SATURN 


Mean distance from 


sun 


Sidereal period of rev- 


olution around sun 
Average orbital 

velocity 
Angular diameter 

(equatorial ) 
Equatorial diameter 
Polar diameter 
Volume (earth = 1) 
Mass (earth = 1) 
Average density 


(earth = 1) 
Surface gravity 
(earth = 1) 


Velocity of escape 
at surface 

Magnitude 

Reflecting power 


(albedo) 


Rotation period 
(equatorial ) 

Number of satellites 

Outside diameter of 
ring system 

Width of ring A 

Width of Cassini’s 
division 

Width of ring B 

Width of crape ring 


887 million miles 
29.46 years 
6.0 miles per second 


14”.9 to 20”.6 
74,200 miles 
66,400 miles 
736 

95 


0.13 
1.17 


22 miles per second 


+1.1 to —0.4 
0.42 


10h 14m 
9 


171,000 miles 
10,000 miles 


3,000 miles 
16,000 miles 
11,500 miles 


(Data chiefly from Russell, Dugan and Stew- 
art, Astronomy, Vol. I, 2nd edition) 





The varied wealth of Saturnian detail that a moderate-sized telescope will reveal 

in good seeing is shown by D. P. Avigliano’s drawing, made in June, 1953, with 

an 8-inch reflector and a power of 261. South is at the top. The prominent dark 

equatorial belt is double in part, and a north temperate belt is seen. Note the 
Terby white spot on the ring, next to the planet’s shadow. 
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The latest 
Spit? Planetari 
2 Planetarium 
s 
“ ti has been installed at 
a FLORIDA STATE 
eS UNIVERSITY 
pri 
ut Tallahassee, Florida 
year, 
] North 
wi : . SPITZ LABORATORIES, INC. 
and @ The apparent orbits of the seven inner satellites of Saturn in 1954, as seen in ELKTON, MARYLAND 
E an inverting telescope. The positions of some satellites are indicated at stated Telephone: Elkton 666 
FE intervals after eastern elongation, which occurs as follows: Enceladus, May 1, . i sai 
: 12h; Tethys, May 1, 20h; Dione, May 1, 1h; Rhea, May 5, 11h; Titan, May 11, eS ee 
: 0h. For later elongations, add multiples of the synodic period. From the “Ameri- | 
H can Ephemeris and Nautical Almanac.” ALL SIZES... 
Satel- Name Mean distance Synodic period Diam., Mean Astronomical Telescopes 
nd §@ lite miles of revolution miles mag. Bi Cs 
dua tae inoculars 
I Mimas 115,400 0 226 370 «12.1 Microscopes 
II Enceladus 148,000 1 08.9 460 7 Saeed 
Ill Tethys 183,200 1 yA Bs: 750 10.6 We have a fine selection of 
IV Dione 234,700 2 Rest 900 10.7 High-grade German Binoculars 
V Rhea 327,800 4 125 1150 10.0 and 
Vil Hyperion 922,000 21 ORG eee 15 ———nie 
VIII —_Tapetus 2,213,000 oe 2. me 10.8 Amazing free 48-page 
IX Phoebe 8,044,000 523 15.6 sataceds 14 8x11 Catalogue 
r eer . : . JOE’S BINOCULAR HOUSE 
Japetus is visible in a 3-inch. With a_ server, excellent seeing, and a flawless 4827 Second RBlvd., Detroit 1, Mich. 
4-inch glass we may be able to pick up instrument. TE. 1-5928 ’ 
Rhea, Tethys, and Dione as well. The The observer using a fair-sized telescope 
American Ephemeris each year prints data. on Saturn should be on the alert for the | — ee EL EAT 
for identifying these objects. The more appearance of spots that can be used 
minute of the satellites must be left to to time the rotation of the planet. In PRECISION 
larger instruments. At the times when the equatorial zone the rotation period is ASTRONOMICAL INSTRUMENTS 
the rings are nearly edge on, satellite about 10 hours 14 minutes, and somewhat . : 
phenomena such as transits, occultations, longer in temperate latitudes. The un- Refracting Telescopes, optics aed 
and eclipses occur, but they are less strik- certainty arises from the great rarity of complete instruments including 
ing than the corresponding behavior of prominent spots or disturbances. oe dual-speed motor drives, in 
Jupiter’s moons. tempts to time the rotation of the more sizes 4", 6", 8”, and larger. 
On turning a good telescope of six to delicate markings are usually doomed to OUR SPECIALTY 
ee 12 inches aperture on Saturn, an experi- failure due to their transitory nature. The is “hard-to-get” items, such as: Pro- 
enced observer can hope to detect many possibility of finding a conspicuous, long- fessional-type Mountings, Position 
additional details. For general work, he lived spot is a strong incentive to the Filar Micrometers, Solar Diagonals, 
will usually employ 225x to 300x with advanced amateur to maintain a_ syste- Turret Eyepiece Holders, Spectro- 
such a telescope, and even higher powers —, pati of observations of the ae on yr oa icine 
for minute details of the ring system. "ged planet. ‘ : 
I find that 250x to 300x on ar aie (To be continued) AL re ae 
8-inch reflector genera ives ‘ 4 TIGLIAN 
views of the bates pied SS 2600 bra oo CARROLL & BOHANNON ; 
as teeme te thast ce ‘ Ticsniiands 8, Calif. 3415 Santa Carlotta St. La Crescenta, Calif. 








for the rings, if 
seeing permits these higher powers. 

In telescopes like these, the darker 
equatorial belt may show condensations, 
and it is often seen double. One or more 
belts may be seen in the temperate zones, 
and the polar shadings will be apparent. 
When the rings are suitably tilted, their 
very dark shadow on Saturn is quite 
striking. Occasionally, lighter spots appear 
on the planet, such as the very prominent 
white spot seen in the equatorial zone 
in 1933. Some observers have detected 
a small whitish cap at the pole of the 
planet; wisps between the belts, much 
like those that appear on Jupiter, have 
been seen, as well as a very delicate 
equatorial band. But the amateur must 
be warned that details such as the last 
three are quite difficult, and require 
the combination of an experienced ob- 




















WE HAVE IN STOCK for immediate delivery 
the best eyepiece ever produced for astronom- 
ical and scientific work, with the following 
characteristics: 

1. Four-element design giving a flat, beautiful- 
ly corrected field of 50° covering more than 
160 per cent of the area of the conventional 
Ramsden for the same power. This eyepiece is 
a “must” for RFT work. 

2. Precision optical elements, magnesium 
fluoride hard coated, increasing the light trans- 
mission approximately 10 per cent, 

3. Simple take-down for cleaning. 

4. Precision metal parts black anodized for 
anti-reflection and ground to 114” O.D. 

5. Clean mechanical design permitting com- 
fortable observation and ease of focusing. 


CHESTER BRANDON 





ORTHOSCOPIC 


OCULARS 





Price postpaid, $15.95 each 
These eyepieces are produced in 4 mm., 8 mm., 16 mm., and 32 mm. effective focal lengths only. 


California residents, add 3% sales tax 
Box 126, Montrose, California 





May, 10954, SKY AND TELESCOPE 


241 

















































| : ae ones : ; os ; ; 
40 - 80-111 POWER} ,. 3 x, = ; au 
° e. ar F me : 
| ee Ds eo , ° 
Three eyepieces. > 4 x57 15. *e oo (= Se on ae * : 
1.6” (40-mm.) 40” Tube. All- ‘on 5750 ti ° i . . 
achromatic ob- metal construc- e ° . ee 
jective. Com- tion. Altazi- ee e e . 8 e 4 e 
plete with sun muth mount || . a . ° ‘ ae . 
glass << sun- on 5-ft. — | , a x dere e 
spot observa. dy tripod. ° .¢ . " , bd 
tion. Clear : . . StHo, * 583i* x 5850 " 
defition 0 $26.95]) | ae . 2 pia, Hs 56 5 
moon, as- 0.D. F ‘ TH 6% . Te is ae * x x 5 
cared. ? Hartford | + “ ° +. . . 5806 _- 5838, St" : MS 
| |s69O 7 wt ‘ c.f 
Complete satisfaction or money refunded. | eo _ . Fe : > x S864 . 
CRITERION CO. Dept. TSA 3 « oar . oe ciated . ine eco 
831 Church St., Hartford 3, Conn. | F . ne S775 * 6 . Bs “ 
| * . *% S 4 ° . . F . n . 
2 " . . a - *e Py . , : 7 > 3 E . 
SKY-GAZERS EXCHANGE |... he a 
ae x ieee | 
Classified advertising costs 15 cents a word, | e 
including address; minimum charge $3.00 per ¥ 


The scale of this finder chart is one centimeter to one degree. South is at the 


ad. Remittance must accompany order. Inser- : : ; 
top, east to the right. The faintest stars shown are 9th magnitude. 


tion is guaranteed only on copy received by the | 
20th of the second month before publication; | j 3 5‘ 

DEEP-SKY WONDERS instrument, are from my files. It will be 

| VER at the eastern edge of Virgo, noted that Herschel’s descriptions do not 
near the splendid globular cluster agree too well with Shapley s photographic 
little grouping of external magnitudes, and I will be interested to 
concentration hear from amateurs who can make their 


otherwise, insertion will be made in next issue. 
We cannot acknowledge classified ad orders. | 
Sky Publishing Corporation assumes no re- | 
sponsibility for statements made in classified | ee 
ads, nor for the quality of merchandise ad-| 5, lies faa gue 
vertised. Write Ad Dept., Sky and Telescope,| galaxies. his is the last 


Harvard Observatory, Cambridge 38, Mass. | of the host of such objects that dominate Pha evens Agee Loma near 
= -| the spring skies. As many amateur ob- these objects. a 
Hee 60" ee meeunted seen gypntiow lenses} servers favor area charts, these galaxies WALTER SCOTT HOUSTON 
for solar telescope, unsilvered, gives 2” image, wr = size ‘pe Jote: 
$35.00. tive ‘Ontical Se. “2100 Cherry _ >| NGC R.A. (1950) Dec. Mag. P Size - Type Notes 
Long Beach 6, Calif, | h 4 ‘ h. 194 
poe ats 5 +e BS 2.6 x 0.5 S: vF; 16-inch, 7 
OPTICAL SUPPLY business for sale. large abotk 5690 14 2 30 129 6x ae 947 
of pyrex, prisms, eyepieces, etc. Box A, Sky | 5691 =a). Ad 13.0 pB; easy, 16-inch, 1947 
yy agua Harvard Observatory, Cambridge | 5701 +5 34 128 is SBa cB: not seen, 10-inch, 1944 
- = —| on. _ f 8 24 x 23 Sb cB; easy, 4-inch, 1942 
“RELATIVITY and Atomic Energy.” At last, a| 5713 “0 05 1 Z 9 a: snch, 1948 
lucid presentation of this vital subject. $1.00./ 5740 TL 54 12.8 3.0 x 2.0 Sb pB; easy, 11-inch, 
a ee | cae +2 10 8 74x08 Sb B: easy, 6inch, 1953 





WANTED: 3” or 4” Unitron refractor with eye- | 5750 43.6 -0 O01 12.6 1.4 x 0.9 Sb pF; not seen, 8-inch, 1944 











| 
| 

pieces and star diagonal. A. E. Kaul, ‘ 7905 | 5775 5L5 +3 45 12.4 4.2 x 0.8 Ss F: not seen, 16-inch, 1948 
_® Pleasant Valley Ra., Geveland 30, Ohio. : | 5792 55.8 a(y, Se 12.9: 5.0 x 1.7 S pB; 10-inch, 1937 
METEORITES: Visitors from space. Complete] 596 57.5 +2 05 125° | 20x a0 Sb cB 

with labels, location of find, and guaranteed.| ‘ aoe ane > <eineee ae 

$1.00 up to $10.00. Mineral specimens, uranium | 5813 58.7 Tl 4 22 1.4 x 14 E B; easy, 6-inch, 1950 

ores, N. J. fluorescent and So. Dakota, 10| -o. rd “f 9. > 7 E Wee a: B 

for $3.00, Laboratory, 2846 Oakley Ave., Balti- | 5831 15 01.6 é. 24 12.7 0.5 x 0.5 E P 

more 15, Md. | 5838 029 j+2 18 121 1.6 s pB 
REFRACTORS: Unitron, Sans and Streiffe, Com. | 5846 04.0 Tl @ 11.6 1.0 x 1.0 E vB; excellent, 4-inch, 1935 

plete with accessories that make observation a 5850 04.6 +1 44 12.9 2.6 x 2.1 SB cF 

real pleasure, Bargain—4” Bardou, completely | 2” ce ; SE. pe ss 

equipped, fine quality, $425.00. Rasmussen and| 5854 05.3 +2 45 12.7 2.2 x 0.4 S: pB 
Vine snvetetecnnciseccinstadliatcllbveal | 5864 070 +3 14 128 20x03 S: pF; not seen, 10-inch, 1944 
FOR SALE: Professionally made 12%” pyrex] 5904 16.0 r2 16 7.0 20 Globular cluster M5 

mirror, 102” f. 1. Aluminized, quartz overcoat. 

Excellent performance guaranteed. Price: Pe cee ee 2 ‘ " Z 

$200.00. William Braun, 225 Willoughby, Las are — on one mig _ oo 

Cruces, N. M. | for them is presentec In aDular orm. 
GOVERNMENT SURPLUS: 12 telescopes, _pre- | The types E, S, SB mean elliptical, BINDERS 


cision built, 12 and 25 power, eye lens 4%” diam-| spiral, and barred spiral, respectively, as 


eter, fieid lens 3” diameter. Acquired cost to assigned by Shapley and Ames. Sa, Sb for your coples of 
Government $1,000.00 each. Sacrifice $75.00 each assigne’ dy — SPICY. < ef 4 : Sky and Telescope 
delivered. Send check for immediate shipment.| Sc indicate tightly, moderately, and loosely P' 

_treal, Quebec, “Canada, Md., 1011 Bleury, Mon-) ound spirals, and : denotes uncertainty As they come, file your current issues 


in our dark blue fabrikoid binder, and 
collect back issues by volumes into a 
set for permanent reference. 


Each binder costs $3.50 postpaid in the 
United States, $4.00 in Canada. No orders 


one : in assignment of type or magnitude. 

ASTRONOMICAL BOOKS: Norton's a “Star Atlas,”’ en es | pe Ree.. 3 _ ; 
$5.25; Elge:’s Moon map, $1.75; Moore, “Guide | Herschel’s descriptions, given in the 
to the Moon,” $3.95; Lovell-Clegg, “Radio As-| notes, use the abbreviations: B, bright; 
tronomy,”” $4.00; Davidson, “Astronomy for Seer ren Sakae ae = 
Everyman,”’ $5.00. All domestic and foreign | F, faint; Vv, very ; P, pretty; c, considerably. 
publications. Write for list. Herbert A. Luft, The remaining notes, giving date and 
42-10 82nd St., Elmhurst 73, N. , 














| 
—$___ | from foreign countries can be accepted. 

REFLECTOR TEL ESCOPE. mirrors, 6” x 1”, 55” | UNIVERSAL TIME (UT) : ing oe 

-l., $45.00; 8” x 1-3/ ” £.1., $75.00. Molded| TIMES used on the Observer’s Page are Greenwich Your name gold-stamped for 70c; 

ane aluminized with ‘the quartz over-coat.| civil or Universal time, unless otherwise noted. volume number for 40c; both for $1.00. 

Ground, polished and figured to show fine de-| ‘his is 24-hour time, from midnight to midnight ; Print desired lettering clearly. 

tails. L. R. Henderson, 833 W. Alturas, Tucson, | times greater than 12:00 are p.m. Subtract the 

Ariz. following hours to convert to standard times in | Payment must accompany your order. 


the United States: EST, 5; CST, 6; MST, 7; 





FOR SALE: Professionally made, 8” £/8, s. Beral- | PST, 8. If necessary, add 24 hours to the UT be. | SKY PUBLISHING CORPORATION 
coated mirror, three eyepieces. $100.00 cash. fore subtracting, and the result is your standard | a1 eee ‘dee 38 wee 
Lester Myers, 472 Twin Oaks Rd., Union, N. J.| time on the day preceding the Greenwich date | Harvard Observatory, Cambridge 38, Mas 

| shown. — 
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Te ™ BUILD A BETTER F& | 
e 
7 with 
* Fl — RACK-AND-PINION Focus- 
- a ES< Oo PRODUC‘ | S$ ing Device and Diagonal Holder 
¢ Combination: Black krinkle finish ; 
Complete telescope outfits and Accessories  ™0th action ........... 916.08 
| ; 
- bi. BUY DIRECT FROM MANUFACTURER 
€ ‘ me Fe p 
é SADDLE — Unit A and B: 5 cast alumi- T ’ 
: z num parts. Aluminum rings for tubes 1” AND SAVE MONEY : 
larger than mirror; sets for 5” and 6” ; a 
B || mirrors. Sand-blast finish ...... $14.95 CN ‘ 
i | : 
° rc oe \ 
ae 
ee a MOUNTED’ EYEPIECE  SYS- 
—— @ TEMS: All focal lengths; cor- 
C rected 3- and 4-lens systems. 
Standard 114” cell $9.00 to $20.00 
ci a Ws 
not 
phic FS — 7X FINDER SCOPE KIT: Corrected 
1 to 35-mm. large objective; 2 eyepieces; lens 
heir ; helder ; eyepiece cell; 9” long tube. Ob- 
of jective is mounted just assemble eye- 
OE wcvgn cd choenercbavhassuen neues $8.00 
ON MOUNTING RINGS — Unit E: Screws, 
a wits, ete. Tek GEE ic ccsdivdcuccces $5.00 
| 
4 OUR COMPLETE REFLECTOR TELE- 
SCOPE WITH UNITS A & B, C, E, 
FINDER SCOPE, 2-PIECE MAIN TUBE, 
| RACK AND PINION, TRIPOD, SKIDS SOR 
AND INTERNAL PARTS RL-2. EQUATORIAL MOUNTING — 
| A Handsome High-Power Scope. Unit C: 45° angle; firm, free mo- 
| tion; sand-blast finish .... $12.95 
| Send for additional information on other items 
| with further details on all parts listed here. il 7" 
Other types of diagonal holders — polaroid 
unit — filters —- zenith 90° mounting. 
| 
| MIRROR CELLS: Cast parts; spring 
4 mounted ; adjustable from outside of tube. 
Outer diameter fits snugly into our Rhino 
| tubes; just secure in place with screws 
supplied. 
=a | 3” cell ...... $4.50 6” cell .... $ 6.60 TUBES — RHINO BOARD: Black in cand out; 
aie) er 5.00 8” cell .... 22.75 4%” non-heat radiation. Two pieces, one piece fits 
i 5” cell ...... 5.50 10” cell .... 29.50 into the other; no mistake can be made on the 
focal length just slide in or out and secure. 
| Can be used fo: permanent or portable unit. Diam- 
| RL-2 MIRROR KIT eter 1” larger than mirror: . 
Ready to assemble — complete brainwork. 7” tube (6” mirror) .........++++- $4.00 TRIPOD — Unit D: Massive construction 
S || Aluminized mirror and diagonal; 3  sep- ¥ tube pil mirror) geeeeenie neces 3.00 Ce ee ee lock mereress 
arate eye lenses; aluminum eye-lens cell; 5” tube (4” mirror) .......+++++. 3.00 ae eae ae i 
d a ae ‘ P : " I Si ‘ SKIDS — Unit H: Set of 3 ...... $7.50 
| 8 fiber eyepiece retaining rings to make 4” tube (8° mirror) 2.206 662cccecs 2.00 
j| Several different powers. Mirror and opti- : : : : : ae 
| cal components are \%-wave surface ac- All items Post Paid. Add 50c each unit for Foreign Shipment. 
, | ieianiee Aluminum Cast Parts — Machined Taper Joints — Precision Optical Components 
| BS NOR oan ks pet ecesee $130.00 . A A Sitat 
é Mirrors — Prisms — Diagonals — Aluminizing 
Wr NEE oe baci cbied. oe 103.00 e 
"oR 21S ca Re 19.00 ASK FOR FREE ILLUSTRATED BOOKLET 
Ee Nt vecevaunenee 13.00 P - 
Wh. ckccese. 10.00 Complete Satisfaction or Money Refunded 
FF xs ka i t0cct eden 6.25 . ‘8 6 7 “7 _ . 
¥ ‘ Send orders and inquiries to ESCO PRODUCTS, DEPT. S-1, 
1428 WILLOW AVENUE, HOBOKEN, NEW JERSEY 
If in New York Visit Our Showroom at 134 West 32nd Street 
OE 
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VARIABLE STAR MAXIMA 
May 2, RT Hydrae, 082405, 7.6; 14, R 
Serpentis, 154615, 6.8; 17, T Ursae Majoris, 
123160, 7.9; 17, T Aquarii, 204405, 7.9; 20, 
R Carinae, 092962, 4.6. June 7, RU Cygni, 
213753, 8.0; 9, R Ophiuchi, 170215, 7.6. 


These predictions of variable star maxima are 
by the AAVSO. Only stars are included whose 


SPECIAL INTRODUCTORY OFFER 


STILL A FEW LEFT 
BLACKLIGHT LAMP 


| SKY-SCOPE 
The new and improved 31-inch 
Astronomical Telescope that 
amateurs everywhere are 
talking about. 


Special Argon-filled bulb pro- 
vides a good source of violet 
and ultraviolet light for 


easel pps rane mp sens mean maximum magnitudes are brighter than Completely Assembled—$29.75 
oresce aterials. Very magnitude 8.0. Some, but not all of them, : 
convenient as it screws into nearly as bright as maximum two or three weeks Equatorially Mounted, 60 Power 





14-wave Aluminized Mirror 
Ramsden Type Ocular 
125x & 35x Supp. Eyepieces, ea. $5.15 
6-power Finders .... postpaid, ea. $7.50 
We invite your attention to our free bro- 
chure describing in a straightforward man- 
ner the instrument’s amazing performance, 


any standard lamp socket. 
Clearance Price 45c 
10 for $4.00 


before and after the dates for maximum, The 
data given include, in order, the day of the month 
near which the maximum should occur, the star 
name, the star designation number, which gives 
the rough right ascension (first four figures) and 
declination (beld face if southern), and the pre- 
dicted magnitude. 








WAVE LENGTH 
SENSITIVE PHOSPHOR 








MINIMA OF ALGOL 





The beautiful colors that these concentrated 
phesphors will glow depend upon the wave 
length of the exciting light. Red and green 
or yellow and green are available. Colors de- 
velop into bright green as the wave length 
is shortened. 
Sample 50c 


1 oz. Bottle $1.00 $12.50 Lb. 


SNOOPERSCOPE BOOK 


a Chuck full of interesting informa- 
tion, pictures, diagrams and hook- 
up instructions showing in detail 
Infrared Telescopes, Snooperscopes, 
Sniperscopes, ete., that permit clear 

vision in total darkness by means of infrared 

energy (heat waves). One of the few books 
of its kind. Special Price $1.50 


| 
NEW REVISED-ENLARGED | 
| 


HIGH VOLTAGE POWER SUPPLIES 








Many models available from 2,500 to 50,000 
volts D.C., with or without built-in meters, 
Send for complete power supply literature. 


MICRO CIRCLE CUTTERS | 


Extra sturdy tool for cut- 
ting metals, plastics or 
wood. Especially recom- | 
mended for meter holes in 

panels. Micromatic size 


adjustor permits very 
close settings. 
Price 


Model Size 
5 _ 3 $7.50 





FLUORESCENT ‘PIGMENTS 


Brightest glowing, basie concentrated phos- 
phors, no inert ingredients. Available in 
many colors. Red, White, Blue, Green, Yel- 
low and Orange. Mix with clear lacquer for 
painting, 

SAMPLE SIZE (specify color) 
COMPLETE SAMPLE KIT (6 colors) 
ONE OUNCE BOTTLES (specify color) 


50c each 
COMPLETE 1 oz. KIT (6 colors) $3.00 


35c each 
$1.75 


NEW CATALOGUE .. . Send today for 
our latest enlarged, revised 16 page catalogue 
of new scientific and electronic supplies. In- 
cludes literature and construction data on in- || 
frared instruments, 10c. FREE with purchase | | 
of any above item. Shows hundreds of scien- | 

| 

| 





tific items. 


PRECISE COMPANY 


942 Kings Highway, Dept. ST-5 
Brooklyn 23, N. Y. 
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May 3, 14:38; 6, 11:27; 9, 8:16; 12, 5:05; 
15, 1:54; 17, 22:43; 20; 19:32: 23, 1621. 
26, 13:10; 29, 9:59. June 1, 6:48; 4, 3:36; 
7, 0:45. 

These minima predictions for Algol are based 
on the formula in the 1958 International Supple- 
ment of the Cracow Observatory. The times given 


are geocentric; they can be compared directly 
with observation. 


PREDICTIONS OF BRIGHT 
MINOR PLANET POSITIONS 


Desiderata, 344, 9.4. May 18, 17:33.2 
—37-08; 28, 17:26.6 —40-32. June 7, 17:15.9 
—43-43; 17, 17:02.8 —46-20; 27, 16:50.4 
—48-14. July 7, 16:41.0 —49-26. 

Eunomia, 15, 9.0. May 18, 18:02.8 —33- 
06; 28, 17:55.4 —32-59. June 7, 17:45.9 
~=Se-4ls 17, 47233,3° 32-115; 27, 17-247 
—=gi2/. July /, 17219:3 So0sel. 

Flora, 8, 9.3. May 28, 18:13.7 —18-46. 
June 7, 18:05.0 —19-01; 17, 17:54.3 —19-21; 
2s, Ad Aee —195.. July 7, 2732.3 —20- 
07: 17, 17:23:5 —20-32. 

Laetitia, 39, 9.5. May 28, 18:09.5 —8-24. 
June 7, 18:02.5 —8-10; 17, 17:54.2 —8-08; 
27, 17:45.6 —8-18. July 7, 17:37.4 —8-42; 
17, 17:30.6 —9-18. 

After the asteroid’s name are its number and the 
magnitude expected at opposition. At 10-day 
intervals are given its right ascension and 
declination (1954.0) for 0® Universal time. In 
each case the motion of the asteroid is retrograde. 


Data are supplied by the IAU Minor Planet Center 
at the University of Cincinnati Observatory. 





OCCULTATION PREDICTIONS 

May 9-10 Omicron Leonis 3.8, 9:38.7 
+10-06.2, 7, Im: A 4:22.3 —0.4 —1.4 86; 
B: 4:176 —05 —14: 832°C 4:253°—05 
—1.5 96; D 4:16.9 —0.7 —1.5 91; EB 4:14.0 
0:9: 1:7) 109 4:25.7 0:7 —2.2>134; 
H 3:56.7 —05 —3:1 164. 

May 24-25 Theta Aquarii 4.3, 22:14.4 
—8-00.8, 23; Im: 35:11:07.1 —13 F122 106. 


For stations in the United States and Canada, 
usually for stars of magnitude 5.0 or brighter, 
data from the American Ephemeris and the 
British Nautical Almanac are given here, as fol- 
lows: evening-morning date, star name, magni- 
tude, right ascension in hours and minutes, decli- 
nation jn degrees and minutes, moon’s age in days, 
immersion or emersion; standard station designa- 
tion, UT, a and b quantities in minutes, position 
angle on the moon’s limb; the same data for each 
standard station westward. 

The a and b quantities tabulated in each case 
are variations of standard-station predicted times 
per degree of longitude and of latitude, respective- 
ly, enabling computation of fairly accurate times 
for one’s local station (long. Lo, lat. L) within 200 
or 300 miles of a standard station (long. LoS, 
lat. LS). Multiply a by the difference in longitude 
(Lo — LoS), and multiply b by the difference in 
latitude (L— LS), with due regard to arithmetic 
signs, and add both results to (or subtract from, 
as the case may be) the standard-station predicted 
time to obtain time at the local station. Then 
convert the Universal time to your standard time. 

Longitudes and latitudes of standard stations 


are: 
A +72°.5, 42°.5 E 91°.0, 40°.0 
B +73°.6, 45°.5 F 98°.0, 81°.0 
Cc tee 38°.9 G Discontinued 

D 79°.4, 48°.7 H +120°.0, +36°.0 


I +123°.1, +49°.5 











THE SKYSCOPE CO., INC. 
475-s Fifth Avenue, New York 17, N. Y. 














Beryllium-Aluminum 
ALUMINIZING 
3” $2.50 9” $5.50 
4” 2.75 10” 6.50 
5” 3.00 1” 8.00 
6” 3.50 12%” 9.25 
7” 4.00 14” =: F100 
8” 4.50 16” 13.00 


FACILITIES AVAILABLE UP TO 28”. 
PRICES PLUS POSTAGE 


Harder than aluminum and yet can 
be removed without damage to mirror 
Ultra-high efficiency. Re- 


surface. 
quires no overcoating. 
ONE-DAY SERVICE 

Shelby Instrument Company 


1701 Magnolia Ave., Long Beach, Cal. 
Commercial Inquiries Invited 





























TRIPLES SCOPE 
PERFORMANCE! 


Sharper images at higher powers! 
A startling statement positively 
proven in 16-page telescopic educa- 
tional matter sent free on receipt of 
self-addressed long envelope bear- 
ing nine cents (9c) return postage. 


First, the Goodwin Resolving Power lens 
placed in front of eyepiece gives three 
times the magnification on each by 
lengthening your primary focal length 
angle up to three times, yet extends eye 
piece out no more than two inches from 
normal. This alone sharpens definition. 
Next, by achieving your highest powers 
on more comfortable low-power  eye- 
pieces, you lessen image deteriorations 
due to short-focus acute bending of the 
convergent beam, since all usual eye 
pieces are f/1 or less. 

Third, you get greater illumination and 
wider field by relieving tiny aperture 
restrictions of eyepieces. 


The Resolving Power lens is achro- 
matic, coated, gives flat field sharp 
to the edge. Here is astonishment 
in image improvements! Price 
$17.50 in 4” long chrome-plated 
adapter tube fitting standard 14” 
eyepiece holders ONLY (but adapt- 
able to Unitrons). Money back if 
not delighted after two weeks trial! 


No COD’s — Colleges and Observa- 
tories may send purchase order. 


FRANK GOODWIN 
345 Belden Ave., Chicago 14, Ill. 
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THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


Mercury enters the evening sky on 
May 8th, and will be visible to the 
naked eye about two weeks later. By 
the 20th, the planet sets one hour after 
the sun, appearing at magnitude —1.0. 
On the 3lst, Mercury will remain above 
the horizon 134 hours after sunset, but 
it will have faded a full magnitude. 

Venus appears brilliant in the western 
sky after sunset. On May Ist, it is located 
between the Pleiades and the Hyades, 
moving into Gemini by the end of the 
month. On the 15th, Venus is of mag- 
nitude —3.4, and its disk is 89 per cent 
illuminated. 

Mars will be of major interest during 
the next few months, as opposition occurs 
on June 24th. Retrograde motion com- 
mences on May 23rd, when the ruddy 
planet is situated in Sagittarius, at 25° 
south declination. Due to its southerly 
position, Mars will rise 2% hours after 
sunset from north temperate latitudes. 
The brightness of the planet increases 
noticeably during May, from magnitude 
—0.7 to —1.6. The Martian disk will 
be 17” in diameter on the 23rd, a fine 
object for a moderate-sized telescope. 
Jupiter, crossing from Taurus into 
Gemini, sets as twilight ends by the close 
of May. Two planetary conjunctions may 
be observed this month; on the 23rd 
Jupiter passes 1° 30’ south of Venus, and 














BINOCULARS 
Finest Quality 
COATED LENSES 
All prices include leather 
carrying case and straps 











Special 
7x50 Individual Focus $35.00 | 
Individual Central 
Size Focus Focus 
6 x 30 ore $28.50 
8 x 30 $28.50 33.00 
7x 35 31.50 36.50 
7x 50 35.00 39.00 
12 x 50 45.00 tees 
16 x 50 50.00 55.00 
Add 20% FEDERAL EXCISE TAX 


New York City residents add 3% city sales 
tax. Sorry — No C.0.D. Send check or money 
order. We pay postage. 


SIDNEY DISTRIBUTING CO. 


113 West 42 St., New York 36, N. Y. 

















on the 31st, 2°14’ south of Mercury. 
Jupiter, with an equatorial diameter of 
33”, is magnitude —1.5 in mid-month. 

Saturn may be viewed in the eastern 
sky after sunset as a starlike object of 
magnitude +0.4. Visible the entire night, 
the planet will be in retrograde motion 
near Kappa Virginis. In mid-May the 
ring system will be inclined 17°.2 to our 
line of sight, with a longest diameter of 
42” 4. The planet’s disk will be the same 
size as Mars’, 17” in polar diameter. 

Uranus, a 6th-magnitude object, is low 
in the western sky for several hours after 
sunset. It is moving eastward about 2° 
east of Delta Geminorum. 

Neptune can be located with the aid 
of binoculars till early morning hours. 
This distant planet is moving slowly 
eastward, about 314° northeast of Spica 
in Virgo. Late in May, Neptune will be 
about %° south of the variable star S 
Virginis. EO. 





SUNSPOT NUMBERS 

American numbers for February, com- 
municated by the AAVSO Solar Division, 
were zero on all dates except Feb. 8, 3; 
9, 6. Provisional Zurich numbers, sent 
by Dr. M. Waldmeier, were zero on every 
date in February except Feb. 28, 7. 
Monthly means for February: 0.3 Ameri- 
can; 0.2 Zurich. 

Definitive monthly means for 1953 have 
been reported by Zurich: Jan., 26.5; Feb., 
3.9; Mar., 10.0; Apr., 27.8; May, 12.5; 
June, 21.8; July, 86; Aug., 23.5; Sept., 
19.3; Oct., 8.2; Nov., 1.6; Dec., 2.5. Yearly 
mean: 13.9. 





MOON PHASES AND DISTANCE 


INGW MOGI coc bt iwce tices May 2, 20:22 
Psst GUatter 666s ceed. May 9, 18:17 
BICONE THOME cans 6x ot sce May 17, 21:47 
EASe GUARIOR << vnc hes cease May 25, 13:49 
INGE MOOR 2665 1c Sons ce June 1, 4:03 

May Distance Diameter 


222,200 mi. 33’ 24” 
252,300 mi. 29’ 26” 
224,200 mi. 33’ 07” 


Perigee 2, y 
Apogee 15, yx 
Perigee 30, 13" 
June 
Apogee 11, 15° 


251,800 mi. 29’ 30” 
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MAY METEORS 

Conditions for observing the Eta 
Aquarid meteors will be favorable this 
year. The moon will be absent from the 
early morning sky when these meteors 
are visible. They will be most numerous 
before dawn on May 4th, when the pre- 
dicted rate is 10 meteors per hour. E. O. 
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What Is the 200-inch 
Scope Doing? 


Here’s your chance to find out with 
our new slide set—all 200-inch 
photos. Thrill your friends with a 
trip two billion light-years out into 
space. 2 x 2 (35-mm.) slides. 
SLIDE SET 3 
49—Moon near Clavius 
50—Moon near Copernicus 
51—Mars (in red and blue) 
52—Jupiter (in blue) 
53—Saturn (in blue) 
54—Local galaxy (Cassiopeia) NGC 147 
55—Spiral nebula (Triangulum) NGC 598 
56—Spiral nebula (Camelopardalis) NGC 2403 
57—Spiral nebula (Coma Berenices) NGC 4565 
58—Barred spiral (Eridanus) NGC 1300 
59—Barred spiral (Pegasus) NGC 7741 
66—Planetary nebula (Gemini) NGC 2392 
61—Hercules cluster, NGC 6205 
62—Four nebulae in Leo, NGC 3185-87-90-93 
63—Globular nebula (Virgo) NGC 4486 
64—Globular cluster (Canes Ven.) NGC 5272 
65—Lagoon nebula (Sagittarius) NGC 6523 
66—Omega nebula (Sagittarius) NGC 6618 
67—Nebula (Scutum) in red, NGC 6611 
68—Nebulosity (Monoceros) in red, south 
outer region of NGC 2264 
69—Cluster of nebulae (Coma Berenices), 
80 million light-years distant 
70—-Cluster of nebulae (Corona Borealis), 
240 million light-years distant 
71—Cluster of nebulae (Hydra), 720 million 
light-years distant 
72—Faint field of nebulae (Coma Berenices), 
one to two billion light-years distant 


slide sets and 3 chart sets 
slide sets and 2 chart sets 
slide sets and 1 chart set : 
slide sets and 3 chart sets .. 
slide sets and 2 chart sets 
slide sets and 1 chart set 
slide set and 3 chart sets 
slide set and 2 chart sets .. weed 
slide set and 1 chart set .......... 

slide sets . $27.75 3 chart sets . $9.25 
slide sets . $18.50 2 chart sets . $6.25 
slide set .. 1 chart set .. $3.50 
1 slide i, eee $0.20 
(Chart sets are 81% x 11; slides are 35-mm.) 
Large wall charts (of all charts) 27” x 35” 
$3.50 each (discounts on quantities). 


10% discount on $36.00 order, or larger 





mI Co mt et BS bo te Oo Go CO 


Circular? Your address please. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 2, Mass., U.S.A. 
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SOUTHERN STARS 


The sky as seen from latitudes 20° to 
40° south, at 9 p.m. and 8 p.m., local time, 
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on the 7th and 23rd of August, respec- 
tively; also, at 7 p.m. and 6 p.m. on Sep- 
tember 7th and 23rd. For other times, add 
or subtract 1% hour per week. When 
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facing south, hold “South” at the bottom; 
turn the chart correspondingly for other 
directions. Celestial hour circles and pat- 
allels are represented as parts of circles. 
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MAGNITUDES 
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FIRST 
SECOND 
THIRD 
FOURTH 
FIFTH 
VARIABLE 


The sky as seen from latitudes 30° to 50° north, at 9 p.m. and 8 p.m., local time, on 


STARS FOR MAY 


HE HEIGHT OF SPRING in the 
' Northern Hemisphere is marked by 
ithe appearance of the constellation Virgo 
/Mear the meridian in the early evening. 

Spica, dominating this constellation, is 
a bluish-white star of magnitude 1.2, 
whose spectral type Bl corresponds to a 
Surface temperature of 22,500° on the 
absolute centigrade scale. It is also an 
eclipsing variable star, the brightest in 
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40° HORIZON 


CENTAURUS 
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South 2 HORIZON 


30 


the sky, but the light changes are too 
minute to be recognized visually. 
Gamma Virginis, or Porrima, one of 
the most famous visual double stars, was 
discovered in 1718; it can be divided in 
even small telescopes. This binary, whose 
period is about 180 years, was the second 
for which an orbit was computed. The 
successful prediction that the components 
would become too close for the largest 
existing telescopes to separate them 
(which occurred in 1836) gave the first 
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DEEP-SKY OBYECTS 
GALAXIES Lad 
OPEN CLUSTERS 
GLOBULAR CLUSTERS 
OIFFUSE NEBULAE 


MILKY WAY BOUNDARIES 


the 7th and 23rd of May, respectively. 


clear demonstration that the law of gravi- 
tation applies unchanged outside the solar 
system. 

Corvus is just approaching the meridian 
at our chart times. May is a good month 
to study the Crow, as he perches on the 
back of Hydra and rides across the south- 
ern sky. Corvus can be used as a pointer 
to the Southern Cross—a line bisecting 
the figure and extending southward will 
lead to Crux, above the horizon for ob- 
servers south of latitude 27° north. 


May, 1954, SKY AND TELESCOPE 247 





UNITRON Leads in Value and Quali 


CLOSEUPS of America’s most popular low-priced Refractor — 


UNITRON The UNITRON 
2.4” Altazimuth 


® MODERN DESIGN based on time-tested 
engineering principles) HANDSOME AP- 
PEARANCE to which no illustrations can 
do justice. QUALITY which no photo can 
convey. 

@ FINEST MATERIALS throughout. DUR- 
ALUMINUM TUBE. Moving parts of 
BRASS carefully machined to close toler- 
ances, and finished in CHROMIUM. 

@ LENSES are FULLY CORRECTED for 
spherical and chromatic aberration and are 
COATED for maximum brilliance and clar- 
ity of image. AIR-SPACED CELL insures 
freedom from ‘‘clouding” with age. 

@ STAR DIAGONAL for convenience in 
observing at all altitudes. 

@ SUNGLASS for solar observation. 

@ ERECTING PRISM SYSTEM for TER- 
RESTRIAL OBSERVATION may be used 
with any of the eyepieces to give the same 
complete range of terrestrial magnifications 
as for celestial observation. 


@ FITTED WOODEN CABINET, hand- 
somely finished, for compact storage of 
telescope and accessories. Separate case 


for the tripod. ALTAZIMUTH MOUNTING with 


Model 114 COMPLETE $12 5 crometric slow-motion controls 
Extra eyepieces available. 150x: $14.75, both altitude and azimuth. St 
129x: $8.95, 72x: $6.75. collapsible tripod. 


UNITRON Model 114 set up for. observing. VIEW FINDER with crosshair eyepiece. 


2.4-inch OBJECTIVE LENS and mount. 


G06 


ae 


ACCESSORIES: Star diagonal, RACK-AND-PINION 
terrestrial prism system, sunglass, Focusing Device. 
eyepieces for 100x, 50x, 35x. 7 


UNITRON 
Model 114 fits 


We 


3 neatly into its 
Sy, two carrying 
: ; cases. — 


The UNITRON line is the most complete selection of telescopes ever offered. You owe 

it to yourself to write for our free catalog, in which all models are illustrated and fully 

described. A special section tells you how to choose a telescope. Easy payment and 

lay-a-way plans available. All instruments are fully guaranteed. We ship express 

eg ae check or money order or 25% deposit with the balance C.O.D. Write to 
ept. TC-5. 


...and there are 8 other UNITRON Models to choose ‘cael 


2 =6© $7 
LUINITED SCIENTIFIC 6o- 203-5 MILK 5) 























